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Foreword 


Diagnostic  imaging  is  continually  changing.  The  introduc- 
tion of  magnetic  resonance  imaging  (MRI)  approximately 
three  decades  ago  revolutionized  musculoskeletal  imaging 
with  the  importance  of  MRI  growing  exponentially  since  its 
inception.  Most  of  this  growth  is  not  related  to  the  discovery 
of  new  pathologic  conditions  in  the  musculoskeletal  system 
but,  rather,  to  the  continuous  development  and  refinement 
of  the  MRI  technology  including  both  new  imaging 
sequences  and  the  description  of  new  diagnostic  signs. 
Because  of  its  unmatched  high  soft  tissue  contrast  resolu- 
tion, MRI  is  particularly  useful  in  the  evaluation  of  the  soft 
tissue  components  in  both  joints  and  tumors  where  it  has 
replaced  other  imaging  modalities  or  created  a large  number 
of  new  imaging  indications. 

This  book  is  composed  of  an  introductory  chapter  followed 
by  a total  of  49  tables  describing  the  MRI  findings  of  various 
diseases  complemented  by  the  findings  of  other  imaging 
modalities  and  pertinent  clinical  findings.  The  introduction 
focuses  in  a succinct  manner  on  the  MRI  physics  and  tech- 
niques including  pulse  sequences  relevant  for  musculo- 
skeletal imaging  followed  by  a condensed  description  of 
bone  formation  and  the  MRI  features  of  physiologic  and 
pathologic  components  of  both  normal  and  pathologic  con- 
ditions involving  the  musculoskeletal  system.  The  gist  of  the 
book  consists  of  differential  diagnostic  tables.  Each  table  lists 
all  important  pathologic  conditions  for  a specific  anatomic 
location,  and  by  providing  both  characteristic  MRI  presen- 
tation and  pertinent  pathologic  and  clinical  data  that  help 
the  reader  to  arrive  at  a likely  diagnosis  and  reasonable 
differential  diagnosis.  Since  most  disorders  present  in  many 
different  locations,  some  overlap  in  the  text  is  unavoidable. 


The  chosen  tabular  format  minimizes  repetition.  High  qual- 
ity images  are  enclosed  to  visually  demonstrate  the  MRI 
findings  under  discussion.  The  tabular  format  offers  a con- 
trast to  other  musculoskeletal  MRI  textbooks  which  are 
disease  oriented.  This  book  includes  all  the  relevant  infor- 
mation contained  in  other  standard  texts  but,  besides  an 
extensive  description  of  the  MRI  findings,  only  the  most 
essential  etiologic,  clinical  and  pathologic  information  is 
included. 

This  book  is  intended  for  radiologists,  orthopedists  and  phy- 
sicians with  interest  in  musculoskeletal  imaging  who  inter- 
pret MRI  examinations.  The  book  is  a comprehensive  outline 
of  musculoskeletal  MRI  findings  and  appears  to  be  particu- 
larly useful  to  radiology  residents  who  wish  to  strengthen 
their  diagnostic  acumen  and  prepare  for  their  specialty 
examination.  Any  physician  involved  in  the  interpretation 
of  musculoskeletal  MRI  studies  should  find  this  text  helpful  in 
direct  proportion  to  his  or  her  curiosity.  Drs.  Hollenberg, 
Weinberg,  and  Meyers  are  to  be  congratulated  for  their 
original  approach  to  this  text,  the  excellent  and  complete 
coverage  of  musculoskeletal  MRI,  and  their  succinct  presen- 
tation of  the  material.  I believe  this  book  will  be  an  invaluable 
resource  for  residents,  fellows,  radiologists,  orthopedists, 
physiatrists  and  other  clinicians  with  interest  in  this  topic 
There  is  no  doubt  in  my  mind  that  this  book  will  receive 
extraordinary  acceptance  in  the  medical  community. 

Francis  A Burgener,  MD 

Professor  of  Radiology 

University  of  Rochester  Medical  Center 

Rochester,  New  York 


Preface 


Imaging  of  musculoskeletal  injuries  and  lesions  is  a broad 
subject  encompassing  multiple  imaging  modalities.  Tradi- 
tionally, this  included  conventional  radiography,  which  has 
been  well-described  by  many  authors  over  the  years.  Radi- 
ography has  been  supplemented  by  CT  and  nuclear  medi- 
cine, and  continues  to  serve  an  important  role  in  the 
evaluation  of  these  abnormalities.  Magnetic  Resonance 
Imaging  (MRI)  has  become  progressively  more  accessible, 
and  now  often  plays  a crucial  role  along  with  conventional 
radiography  and  CTf  in  the  evaluation  of  various  abnormali- 
ties involving  joints,  soft-tissue  and  bones.  It  is  estimated 
that  there  are  over  50,000  MRI  scanners  worldwide  per- 
forming approximately  150  million  MRI  exams  per  year.  MRI 
has  the  unique  ability  to  demonstrate  subtle  soft  tissue 
abnormalities  given  its  exceptional  high  soft-tissue  contrast 
resolution.  In  addition,  MRI  can  often  detect  cortical  and 
bone  marrow  signal  abnormalities  not  visible  with  conven- 
tional radiography  or  CT. 

As  Academic  Radiologists,  we  have  been  directly  involved  in 
the  education  of  Radiology  Residents  and  Fellows  in  the 
realm  of  Musculoskeletal  MRI  for  many  years.  We  have  been 
fortunate  to  have  access  to  state-of-the-art  MRI  scanners  as 
well  as  the  benefit  of  our  association  with  and  referrals  from 
outstanding  Orthopedic  surgeons,  Physiatrists,  Neurosur- 
geons, and  Neurologists  at  the  University  of  Rochester  in 
New  York. 


The  main  purpose  of  this  book  is  provide  a single,  easy-to- 
use  image-rich  text  on  the  MRI  appearance  of  various 
musculoskeletal  injuries,  inflammatory,  infectious  and 
arthritic  diseases,  as  well  as  benign  and  malignant  lesions 
of  bone  and  soft  tissue.  The  book  is  organized  into  lists  of 
differential  diagnoses  based  on  locations  (Shoulder,  Elbow, 
Wrist  and  Hand,  Hip,  Knee,  and  Ankle  and  Foot,  and  involv- 
ing different  sites  of  bone  and  soft  tissue)  as  well  as  specific 
MRI  features  in  a tabular  format.  Each  of  the  musculoskeletal 
lesions  and  abnormalities  listed  in  the  tables  has  a column 
summarizing  the  MRI  Findings  and  pertinent  radiographic 
and/or  CT  findings  with  associated  images  for  illustration, 
and  a Comments  column  summarizing  key  clinical  and 
pathologic  data.  The  book's  organization  into  these  sections 
of  differential  diagnosis  helps  the  reader  obtain  desired 
information  efficiently  and  quickly. 

We  hope  this  text  provides  a valuable  resource  for  practicing 
radiologists,  fellowship  trainees,  and  residents  who 
encounter  the  multitude  of  musculoskeletal  injuries,  their 
mimics,  and  lesions  involving  bones,  joints  and  surrounding 
structures.  This  book  will  be  also  useful  to  orthopedic  and 
sport  medicine  specialists  and  trainees.  This  book  is 
intended  to  become  a “well-thumbed”  text  at  the  PACS 
station,  and  in  the  orthopedic  and  sports  medicine  clinics. 
It  will  also  serve  as  a useful  review  and  teaching  guide  for 
radiology  trainees. 
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1 Introduction  to  Magnetic  Resonance  Imaging 
for  Evaluation  of  Musculoskeletal  Abnormalities 


Steven  P.  Meyets 

Magnetic  resonance  imaging  (MRI)  is  a powerful  medical  imag- 
ing method  that  has  been  used  extensively  in  the  evaluation  of 
musculoskeletal  disorders,  including  congenital,  developmental, 
metabolic,  inflammatory/infectious,  and  hematologic  abnor- 
malities as  well  as  neoplastic  and  tumor-like  lesions.1-25  MRI 
can  provide  “in  vivo”  anatomical  images  of  the  human  body 
with  high  soft  tissue  contrast  resolution.  The  magnetic 
resonance  (MR)  images  can  be  obtained  in  multiple  planes  (i.e., 
sagittal,  axial,  coronal,  or  various  oblique  combinations).  The 
“signal”  used  to  generate  an  MR  image  comes  from  hydrogen 
nuclei  (protons)  within  a human  body.  In  essence,  MRI  is 
basically  a hydrogen  scan. 

The  hydrogen  nucleus  has  a net  charge  of  +1  and  spins  at  a 
frequency  that  is  dependent  on  the  ambient  magnetic  field  and 
its  particular  physical  characteristic  known  as  its  gyromagnetic 
ratio.  The  spinning  charge  of  each  hydrogen  nucleus  gives  off  a 
tiny  magnetic  field  perpendicular  to  the  axis  of  spin,  thus  acting 
like  a tiny  bar  magnet  Outside  the  bore  of  a magnet,  the  net 
magnetic  properties  (magnetic  moment)  of  a person  will  be 
zero  because  the  spinning  hydrogen  nuclei  will  be  oriented  ran- 
domly resulting  in  an  overall  cancellation  of  the  sum  total  of 
tiny  magnetic  fields.  Once  placed  into  a high  field  strength  mag- 
net, spinning  hydrogen  nuclei  within  the  human  body  become 
aligned  or  magnetized  along  the  magnetic  field  of  the  magnet. 
This  net  magnetization  of  hydrogen  nuclei  is  oriented  in  a low 
energy  alignment  (ground  state)  that  is  parallel  to  the  magnetic 
field  of  the  magnet  The  hydrogen  nuclei  spin  (precess)  at  a 
frequency  proportional  to  their  specific  gyromagnetic  ratio  and 
the  magnetic  field,  in  a relationship  known  as  the  Larmor  equa- 
tion. The  precessional  frequency  of  hydrogen  nuclei  at  1.5  Tesla 
(T)  is  64  MHz. 

To  generate  an  MR  signal,  energy  is  transferred  to  the  hydro- 
gen nuclei  within  the  magnet  by  using  a radio  frequency  (RF) 
pulse  at  the  Larmor  frequency.  The  Larmor  frequency  is  depen- 
dent on  the  field  strength  of  the  magnetic  device  and  the  gyro- 
magnetic ratio,  which  is  specific  for  the  element  or  molecule  of 
interest.  For  MRI,  that  element  is  the  hydrogen  nucleus.  The 
hydrogen  nuclei  absorb  this  energy  and  move  out  of  their 
ground-state  alignment  When  the  RF  pulse  is  turned  off,  the 
energy  absorbed  by  the  hydrogen  nudei  is  emitted  at  the  same 
frequency.  This  emitted  energy,  or  MR  signal,  can  be  detected  by 
the  receiver  coils  (which  act  like  antennae)  in  the  magnet,  and 
used  to  produce  an  MR  image  Soft  tissue  contrast  results  from 
(1)  the  densities  of  protons  (hydrogen  nudei)  within  different 
tissues;  (2)  the  different  rates  at  which  the  protons  in  various  tis- 
sues realign  themselves  with  the  magnetic  field  of  the  magnet 
(also  referred  to  as  T1  relaxation,  longitudinal  relaxation,  or  spin- 
lattice  relaxation);  and  (3)  rates  of  signal  decay  or  dephasing 
(also  referred  to  as  T2  relaxation,  transverse  relaxation,  or  spin- 
spin  relaxation).  Using  these  biophysical  properties  of  different 
normal  and  abnormal  tissues  allows  MRI  to  have  greater  soft  tis- 
sue contrast  than  computed  tomography  (CT). 

The  main  components  of  a typical  MRI  scanner  include  (1)  a 
large-bore  magnet  with  high  field  strength  (0 3 to  3 T);  (2)  RF 


coils  within  the  magnet  that  can  transmit  and  receive  properly 
tuned  RF  pulses,  as  well  as  set  spatially  dependent  magnetic 
fields  (gradients)  that  allow  localization  of  specific  regions  of 
anatomical  interest;  and  (3)  a computer  that  operates  the 
device  as  well  as  processes  the  RF  signal  data  received  from  the 
patient  to  form  an  anatomical  image.  To  generate  an  MR  image, 
a person  is  placed  onto  a table  that  can  move  into  spedfic  loca- 
tions within  the  bore  of  the  magnet.  Once  in  the  magnet,  the 
operator  selects  programs  that  include  the  RF  pulse  sequences 
necessary  to  generate  images  with  the  desired  contrast  param- 
eters based  on  the  proton  densities  and  the  T1  and  T2  values  of 
the  various  tissues.  The  data  received  from  the  subject  or 
patient  are  processed  by  the  computer  using  computer  algo- 
rithms (two-  or  three-dimensional  Fourier  transformation). 
The  images  are  displayed  on  the  monitor  console  and  can  be 
transferred  to  other  computers  (Picture  Archival  Communica- 
tions System  [PACS]),  as  well  as  DVDs,  CD-ROMS,  and  film. 

Not  all  patients  can  have  MRI  examinations.  Intracranial 
aneurysm  clips  not  documented  and  verified  to  be  safe  for  MRI, 
cardiac  pacemakers,  and  metallic  foreign  bodies  in  the  eyes  are 
absolute  contraindications  for  MRI.  In  addition,  the  presence  of 
surgical  clips,  metallic  rods,  wires,  and  other  orthopedic  hard- 
ware can  produce  artifacts  obscuring  visualization  of  the 
anatomical  structures  in  the  region  of  interest 
Major  advantages  of  MR]  for  musculoskeletal  imaging  include 
excellent  soft  tissue  contrast  resolution,  multiplanar  imaging 
capabilities,  dynamic  rapid  data  acquisition,  and  various  availa- 
ble contrast  agents.  MRI  has  proven  to  be  a powerful  imaging 
modality  for  abnormalities  involving  fat,  muscles,  ligaments, 
tendons,  nerves,  bone,  and  bone  marrow,  and  has  been  used  in 
the  evaluation  of  the  following; 

1 . Congenital  and  developmental  musculoskeletal  anomalies 

2.  Disorders  of  histogenesis 

3.  Metabolic  and  genetic  disorders 

4.  Infectious  and  noninfectious  inflammatory  diseases 

5.  Traumatic  lesions 

6.  Degenerative  abnormalities 

7.  Ischemia  and  infarction  of  muscles,  fat,  and  bone  marrow 

8.  Hemorrhage 

9.  Neoplasms  of  the  bone,  muscles,  fat,  and  nerves 

10.  'Ihmor-like  lesions  of  bone  and  soft  tissue 

11.  Response  of  neoplasms  to  neoadjuvant  (preoperative 
chemotherapy)  and  postoperative  chemotherapy  or 
radiation  treatment 

12.  Residual  or  recurrent  tumor  after  surgery 

MR  data  can  also  be  used  to  generate  images  of  arteries  and 
veins  (MR  angiography)  in  displays  similar  to  those  of  conven- 
tional angiography.  The  appearance  of  blood  vessels  on  MR 
images  depends  on  various  factors  such  as  the  type  of  MRI 
pulse  sequence;  pulsatility  and  range  of  velocities  in  the 
vessels  of  interest;  and  size,  shape,  and  orientation  of  the  ves- 
sels relative  to  the  image  plane.  Useful  anatomical  information 
regarding  blood  vessels  can  be  gained  by  using  spin  echo  pulse 
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sequences,  which  can  display  patent  vessels  as  zones  of  signal 
void  (black-blood  images),  or  gradient  recall  echo  (GRE)  pulse 
sequences,  which  display  the  moving  hydrogen  atomic-nuclei 
(protons)  in  blood  as  zones  of  high  signal  (bright-blood  images). 
Other  options  with  clinical  MRI  scanners  include  magnetic 
resonance  spectroscopy  (acquisition  of  spectral  data  to  charac- 
terize the  biochemical  properties  of  selected  regions  of  interest 
in  the  soft  tissues),  diffusion-weighted  imaging  (evaluation  of 
different  rates  of  proton  diffusion  between  normal  and 
abnormal  tissue),  and  perfusion  imaging  (evaluation  of  the 
differences  in  rates  of  contrast  enhancement  between  normal 
and  abnormal  tissue). 

The  appearance  of  muscle,  fascia,  tendons,  ligaments,  and 
bone  cortex  and  marrow  depends  on  the  MRI  pulse  sequence 
used  as  well  as  the  age  of  the  patient  imaged.  In  addition  to  the 
commonly  used  standard  spin  echo  or  fast  spin  echo  sequences 
for  evaluation  of  the  musculoskeletal  system,  other  MRI  pulse 
sequences  or  imaging  options  are  sometimes  used,  such  as 
inversion  recovery  (short  TI  inversion  recovery  [SITR|  used  for 
fat  signal  suppression,  fluid-attenuated  inversion  recovery 
| FLAIR]  used  for  fluid  signal  suppression,  etc.),  GRE  imaging 
with  or  without  MR  angiography,  magnetic  transfer,  diffusion/ 
perfusion  MRI,  and  frequency-selective  chemical  saturation. 
Detailed  discussions  of  these  sequences  and  options  can  be 
found  elsewhere.  Contrast-enhanced  MRI  using  gadolinium- 
chelate  agents  administered  intravenously  often  provides  useful 
information  in  the  evaluation  of  musculoskeletal  lesions  such  as 
neoplasms,  tumor-like  lesions,  inflammation,  infection,  and 
ischemia.7-811"13'15"17-19"24-26  With  these  diseases  and  disorders, 
abnormal  gadolinium-contrast  enhancement  is  typically  seen. 
For  evaluation  of  musculoskeletal  neoplasms,  dynamic  MRI 
after  bolus  intravenous  administration  of  gadolinium-chelate 
contrast  can  sometimes  be  useful  in  distinguishing  between 
rapidly  enhancing  tumor  from  initially  nonenhancing  perineo- 
plastic  edema  or  necrosis.7 

Another  use  of  these  gadolinium-chelate  contrast  agents  is 
MR  arthrography.  MR  arthrography  is  performed  after  the 
intra-articular  injection  of  gadolinium-chelate  contrast  using 
fluoroscopic  or  ultrasonographic  guidance.  MR  arthrography 
has  been  used  in  the  evaluation  of  abnormalities  involving  the 
shoulder,  hip,  knee,  and  wrist.27-33  Newer  MRI  techniques,  such 
as  diffusion-weighted  imaging  and  MR  spectroscopy,  have  been 
used  in  clinical  research  studies  for  the  evaluation  of  musculo- 
skeletal neoplasms  and  other  lesions,  although  their  clinical 
relevance  requires  further  study.34-37 

Bone  formation  occurs  by  either  endochondral  or  membra- 
nous ossification.  Longitudinal  growth  occurs  by  endochondral 
bone  formation  in  which  a calcified  cartilaginous  matrix  at  the 
growth  (physeal)  plates  is  remodeled  into  bone.16,38*41  The 
physeal  plale  contains  four  parallel  zones  oriented  perpendicu- 
lar to  the  long  axis  of  bone.16’3M1  The  four  zones  from  periph- 
eral (nearest  the  epiphysis)  to  proximal  (nearest  the  metaphy- 
sis)  are  (1)  resting  zone;  (2)  proliferating  zone;  (3)  hypertrophic 
zone;  and  (4)  calcifying  zone.  Active  cartilage  cell  division  and 
maturation  occur  in  the  proliferating  and  hypertrophic  zones.16- 
3841  Osteoid  matrix  formation  and  mineralization  occur  in  the 
calcifying  zone  (also  referred  to  as  the  zone  of  provisional  calci- 
fication). The  resting,  proliferating,  and  hypertrophic  zones  are 
radiolucent  and  on  MRI  have  slightly  high  to  high  signal  on  T2- 
weighted  imaging  (T2WI)  and  fat-suppressed  (FS)  T2WI  and 


show  gadolinium-contrast  enhancement;  whereas  the  zone  of 
provisional  calcification  has  attenuation  similar  to  mature  min- 
eralized bone  on  radiographs  and  CT,  and  has  low  signal  on 
T2WI  and  FS  T2WL16-38-39-41  At  the  adjacent  metaphyseal  region 
(primary  spongiosa)  just  proximal  to  the  calcifying  zone, 
remodeling  of  bone  occurs  with  osteoclastic  activity,  which 
appears  as  a thin  zone  with  slightly  high  to  high  signal  on  FS 
T2WI.41  With  membranous  bone  formation,  bone  cells  form 
directly  from  the  periosteum  (long  bones,  facial  bones,  clavicle) 
for  axial  growth,  or  dura  (calvarium)  without  intervening 
growth  plates. 

The  periosteum  has  low  signal  on  T1WI  and  T2WI  and  is 
attached  to  the  outer  surface  of  the  bone  cortex  in  the  metadia- 
physeal  regions  by  collagen  fibers  (fibers  of  Sharpey).  The  peri- 
osteum is  composed  of  an  outer  fibrous  layer  and  an  inner  cel- 
lular layer  referred  to  as  the  cambrium.2541  The  periosteum  is 
absent  at  the  articular  ends  of  bones.  Osteoblastic  activity 
occurs  in  the  cambrium  and  is  responsible  for  increasing  the 
diameter  of  bone  during  growth  in  childhood.  The  periosteum 
is  loosely  attached  to  the  cortex  in  children,  whereas  it  is  firmly 
attached  in  adults.  Reactivation  of  the  periosteum  in  adults  can 
occur  as  a result  of  trauma,  infection,  or  tumors.  Periosteal 
membranous  bone  formation  occurs  with  induction  of 
fibroblasts  (in  the  fibrous  layer  or  adjacent  soft  tissues)  into 
osteogenic  precursor  cells  that  eventually  develop  into  active 
osteogenic  cells  in  the  cambrium.25-41  Hyperemia  from  fracture, 
infection,  or  tumor  can  accelerate  new  periosteal  bone  forma- 
tion, which  can  be  seen  as  a radiodense  line  superficial  to  the 
cortex  on  radiographs  or  CT.11-25  Periosteal  reaction  can  have 
variable  configurations  related  to  the  disease  process.25  MRI  can 
demonstrate  periosteal  elevation  from  diseases  as  well  as 
subperiosteal  abnormalities  such  as  hemorrhage,  pus,  or 
tumor.11-25 

Within  the  medullary  portion  of  bone,  MRI  signal  is  related 
to  the  presence  of  hematopoietic  (red)  marrow  that  contains 
40%  fat,  40%  water,  and  20%  protein,  or  hematopoietically 
inactive  fatty  (yellow)  marrow  containing  80%  fat,  15%  water, 
and  5%  protein.  Fatty  marrow  usually  has  signal  similar  to  sub- 
cutaneous fat  on  T1WI  and  FS  T2WI.  Red  marrow  typically  has 
intermediate  signal  on  T1WI  that  is  slightly  lower  than  fat  and 
has  intermediate  signal  on  FS  T2WI  that  is  often  similar  to 
muscle.  In  infants  and  young  children,  bone  marrow  is  predom- 
inantly composed  of  red  (hematopoietic)  marrow.10-16-39-41-42  In 
the  normally  developing  child,  progressive  conversion  of  red  to 
yellow  marrow  occurs  in  the  hands  and  feet  followed  by  the 
distal  long  bones.10-16’39-41  In  long  bones,  progressive  red  to  yel- 
low marrow  conversion  occurs  in  the  diaphyseal  regions  during 
the  first  decade.10-1 6-39-41  The  marrow  of  ossified  epiphyses  and 
trochanters  is  typically  fatty.10-1 6-3941 

In  adults,  red  marrow  is  typically  found  in  the  spine,  flat 
bones,  skull,  and  proximal  portions  of  the  femora  and  humeri. 
MRI  can  demonstrate  the  process  of  red  to  yellow  marrow 
because  of  the  slightly  differing  signal  characteristics  on 
Tl  WI  and  FS  T2WI.  In  adults  over  the  age  of  20  years,  no  appre- 
ciable gadolinium-contrast  enhancement  is  seen  in  normal 
marrow.  This  situation  differs  from  that  with  infante  and 
young  children.38-3941  Gadolinium-contrast  enhancement  can 
be  normally  seen  in  the  physeal  cartilage  as  well  as  involving 
the  vascular  canals  of  epiphyseal  cartilage  in  infants  and  tod- 
dlers.38^41 With  progressive  skeletal  maturation  and  epiphyseal 
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ossification,  contrast  enhancement  of  the  epiphyseal  cartilage 
decreases  relative  to  physeal  cartilage.38’40’41  Slightly  high  to 
high  signal  on  T2WI  and  FS  T2WI,  as  well  as  contrast  enhance- 
ment of  the  physeal  cartilage,  eventually  evolve  into  a low 
signal  physeal  scar  with  no  contrast  enhancement  at  skeletal 
maturation.38  41  In  children,  hematopoietic  red  marrow  is  richly 
vascularized  and  typically  shows  contrast  enhancement.39-41 
Contrast  enhancement  of  metaphyseal  red  marrow  in  children 
progressively  decreases  with  age  and  is  typically  absent  after 
the  age  of  20  years.39*41  Contrast  enhancement  in  epiphyseal 
marrow  is  typically  lesser  in  degree  compared  with  metaphy- 
seal marrow  and  is  not  usually  seen  after  the  age  of  2 years.39 

Most  pathological  processes  increase  the  T1  and  T2  relaxa- 
tion coefficients  of  the  involved  tissues  resulting  in  decreased 
signal  on  T1WI  and  increased  signal  on  T2WI  relative  to  adja- 
cent normal  tissue.  Such  processes  include  ischemia,  infarction, 
inflammation,  infection,  metabolic  or  toxic  disorders,  trauma, 
neoplasms,  and  radiation  injury.  Hemorrhage,  however,  can 
have  variable  appearances  depending  on  the  age  of  the  hema- 
toma, oxidation  states  of  the  iron  in  hemoglobin,  hematocrit, 
protein  concentration,  clot  formation  and  retraction,  location, 
and  size.5  Oxyhemoglobin  in  a hyperacute  blood  clot  has 
ferrous  iron  and  is  diamagnetic.  Oxyhemoglobin  does  not 
significantly  alter  the  T1  and  T2  values  of  the  tissue  environ- 
ment other  than  causing  possible  localized  edema.  After  a few 
hours  during  the  acute  phase  of  the  hematoma,  the  oxy- 
hemoglobin loses  its  oxygen  to  form  deoxyhemoglobin.  Deoxy- 
hemoglobin also  has  ferrous  iron,  although  it  has  unpaired 
electrons  and  becomes  paramagnetic.  As  a result,  deoxyhemo- 
globin shortens  the  T2  value  of  the  acute  clot  but  does  not 
significantly  change  the  T1  value.  On  MRI,  deoxyhemoglobin  in 
the  clot  will  have  intermediate  T1  signal  and  low  signal  on  T2- 
weighted  spin  echo  or  gradient  echo  images.  Later  in  the  early 
subacute  phase  of  the  hematoma,  deoyxhemoglobin  becomes 
oxidized  to  the  ferric  state,  methemoglobin,  which  is  strongly 
paramagnetic.  Methemoglobin  shortens  the  T1  value  of  hydro- 
gen nuclei  resulting  in  high  signal  onTl  WI.  While  the  red  blood 
cells  in  the  clot  are  intact-intracellular  methemoglobin,  the  12 
values  will  also  be  decreased  resulting  in  low  signal  on  T2WI. 
In  the  late  subacute  phase,  breakdown  of  the  membranes  of  the 
red  blood  cells  results  in  extracellular  methemoglobin,  which 
now  results  in  high  signal  on  both  T1  WI  and  12 WI.  In  the  chronic 
phase,  methemoglobin  becomes  further  oxidized  and  broken 
down  by  macrophages  into  hemosiderin,  which  has  prominent 
low  signal  onT2WI  and  low-inlermediate  signal  on  T1  WI. 

Other  processes  that  can  result  in  zones  of  high  signal  on 
T1  WI  are  fat,  dermoids  (intact  or  ruptured),  teratomas,  lipomas, 
cystic  structures  with  high  prolein  concentration  or  cholesterol, 
and  pantopaque.  Lesions  or  structures  with  low  signal  on  T1WI 
and  12WI  can  result  from  calcifications,  very  high  prolein  or 
gadolinium-chelale  concentrations,  magnetic  susceptibility 
effects— especially  from  metal  fragments  or  surgical  clips,  and 
artifacts. 

The  first  portion  of  this  book  is  focused  on  the  differential 
diagnosis,  description,  and  categorization  of  the  MRI  features 
of  abnormalities  involving  the  joints  of  the  musculoskeletal 
system  by  grouping  them  into  lists  of  differential  diagnoses 
based  on  anatomical  locations  (shoulder,  elbow,  wrist  and  hand, 
hip,  knee,  and  ankle  and  foot).  This  approach  is  similar  to  one  of 
the  coauthors’  prior  collaborations  for  the  following  books: 


Differential  Diagnosis  in  Magnetic  Resonance  Imaging  by  Frances 
A.  Burgener,  Steven  P.  Meyers,  Raymond  K.  Tan,  and  Wolfgang 
Zaubauer,  Thieme,  2002;  MRI  of  Bone  and  Soft  Tissue  Tirnors 
and  Dmor-like  Lesions:  Differential  Diagnosis  and  Atlas  by 
Steven  P.  Meyers,  Thieme,  2008;  and  Differential  Diagnosis  in 
Computed  Tomography , 2nd  edition,  by  Frances  A.  Burgemer, 
Christopher  Herzog,  Steven  P.  Meyers,  and  Wolfgang  Zaunbauer, 
Thieme,  2011.  The  other  portion  is  focused  on  the  differential 
diagnosis,  description,  and  categorization  of  the  MRI  features  of 
both  benign  and  malignant  bone  and  soft  tissue  tumors  and 
tumor-like  lesions  of  the  musculoskeletal  system  using  a similar 
tabular  format 

For  this  book,  MRI  signal  of  the  various  entities  will  be 
described  as  low,  intermediate,  high,  or  mixed  onTIWI,  proton 
density-weighted  imaging  (PDWI),  or  intermediate  weighted 
imaging,  and  T2WI,  and  whether  there  is  gadolinium-contrast 
(Gd-contrast)  enhancement  or  not  When  available,  comments 
and  examples  will  be  given  regarding  MRI  features  with 
fat-suppression  techniques  such  as  frequency-selective  fat- 
presaturation  (FS)  applied  on  T1  WI,  PDWI,  T2WI,  or  use  of  the 
STIR  sequence.  Both  techniques  enable  distinction  of  pathologi- 
cal processes  (e.g.,  neoplasm,  infection,  inflammation,  edema) 
from  normal  anatomical  structures  with  high  signal  from 
intrinsic  fat,  such  as  marrow  and  subcutaneous  soft  tissues. 
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2 The  Shoulder 

Gary  M.  Hollenbeiy 

2.1  Lesions  of  the  Rotator  Cuff 

• Tendinopathy/tendinosis 

• Partial-thickness  tendon  tears 

• Full-thickness  tendon  tears 

• Subscapularis  tears 


• Calcific  tendonitis/bursitis:  calcium  hydroxyapatite 
deposition  disease  (HADD) 

• Adhesive  capsulitis 

• Pectoralis  muscle  tears/strain 


T able  2.1  Lesions  of  the  rotator  cuff 

Abnormalities 

MRI  findings 

Comments 

Tendinopathy/ 
tendinosis 
(►Fig.  2.1) 

Thickening  and  abnormal  intermediate  signal  within  the 
tendon  substance  on  proton  density-weighted  imaging 
(PDWI)  or  T1  -weighted  imaging  (T1WI)  is  typical  for 
tendinosis.  Abnormal  tendons  demonstrate  heterogeneous 
signal,  irregularity,  thickening,  and  abnormal  morphology. 
Fat-suppressed  T2-weighted  imaging  (FS  T2WI)  and  short  Tl 
inversion  recovery  (STIR)  images  are  abnormal  as  well  with 
heterogeneous  increased  signal,  not,  however,  reaching  fluid 
signal.  May  also  see  distal  thinning  of  atrophic  tendons. 
Tendinopathy  can  be  distinguished  from  an  articular  side 
rotator  cuff  tear  by  the  lack  of  a contrast-filled  defect  on 
magnetic  resonance  (MR)  arthrography,  using  FS  T1- 
weighted  imaging  (T1WI). 

Tendinopathy  reflects  collagen  degeneration,  typically 
involving  the  supraspinatus,  infraspinatus,  and  subscapularis 
tendons.  Causes  include  impingement  syndrome  or  degen- 
eration secondary  to  overuse.  Tendinopathy  and  partial  tears 
are  often  seen  together  and  may  be  difficult  to  distinguish. 
Typically  involves  anterior  margin  of  supraspinatus  with 
thickening,  heterogeneity  and  increased  signal  on  most 
pulse  sequences.  Signal  changes  of  tendinopathy  persist  on 
FS  T2WI.  Signal  abnormalities  in  magic  angle  phenomenon 
are  not  associated  wi'th  morphological  changes  of  the 
tendon.  Check  for  associated  findings,  including 
subacromial/subdeltoid  fluid/bursitis,  acromioclavicular 
degeneration  and  acromial  spurs. 

(continued  on  page  10) 
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Fig. 2.1  (a)  Tendlnopathy  Is  seen  wfth  mildly  Increased  T2  signal  of  the  distal  suprasplnatus  tendon  (arrow)  on  oblique  coronal  fat-suppressed  T2- 
weighted  imaging  (F5  72  Wl),  and  (b)  similarly  abnormal  signal  involving  the  distal  suprasplnatus  and  infraspinatus  tendons  (arrows)  on  oblique  sagittal 
FS  72WI.  Note  crescent  of  high  signal  fluid  in  die  subdeltoid  bursa,  (c)  In  a different  patient,  more  severe  tendinopathy  of  the  distal  supraspinatus  and 
infraspinatus  tendons  with  loss  of  normal  tendon  architecture  and  abnormally  Increased  signal  (arrow)  on  oblique  coronal  proton  density-weighted 
imaging  (PDWI).  (d)  Abnormally  Inaeased  signal  In  the  distal  tendons  (arrow)  Is  also  seen  on  oblique  coronal  FS  T2WI.  The  abnormal  signal  does  not 
read)  that  of  fluid,  indicating  that  tendinopathy,  rather  than  tearing,  is  the  predominant  abnormality,  (e)  in  a different  patient,  severe  distal 
supraspinatus  tendinopathy  of  the  anterior  tendon  margin  (arrows)  on  oblique  coronal  FS  T2WI  and  (f)  oblique  sagittal  FS  72WI  with  increased  signal, 
tendon  thidoening,  and  loss  of  normal  tendon  architecture,  (g)  In  a different  patient,  suprasplnatus  tendinopathy  with  a superimposed  distal  articular- 
sided partial  tear  (arrow)  on  oblique  coronal  FS  12 Wl.  (h)  Mild  tendinopathy  of  the  teres  minor,  wfth  abnormally  Increased  signal  about  die 
musculotendinous  junction  (arrows)  on  axial  FS  T2WI  and  (i)  on  oblique  coronal  FS  T2WI.  It  is  unusual  to  encounter  teres  minor  tendinopathy  on 
routine  shoulder  magnetic  resonance  scans. 
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Table  2.1  (Cont.)  Lesions  of  the  rotator  cuff 


Abnormalities  MRi  findings 


Comments 


Paitlal-tiildcness 
tendon  tears 
(►fig.  2.2) 


Partial  tears  may  be  articular  sided,  bursal  sided,  or 
interstitial  in  location.  Interstitial  tears  will  not  communicate 
with  the  Joint  or  subacromial  bursa.  Assess  for  abnormal 
tendon  shape,  including  a thickened  or  thinned  tendon  and 
irregular  tendon  morphology.  A specbum  of  abnormalities 
from  tendon  fraying  to  tendon  retraction  may  be  seen. 
Paitial  tears  and  tendinopathy  may  appear  similar,  particu- 
larly when  small  paitial  tears  are  present  Partial  tears 
demonstrate  abnormal  Intermediate  signal  on  T1WI  and 
PDWI.  On  F5  T2WI  and  STIR  Images  a partial  tear 
demonstrates  high  signal  in  die  tear  site  representing  either 
fluid  or  granulation  tissue.  Assess  for  fluid  widiin  the  tom  or 
frayed  portion  of  the  tendon  on  flluld-sensldve  sequences. 
Partial  tears  show  gadolinium  (Cd)<ontrast  enhancement  if 
granulation  tissue  has  developed  at  the  tear  site.  MR 
arthrography  may  show  high  signal  contrast  within  an 
articular-sided  tear  on  F5  T1WI. 


Rlm-rent  tears  are  believed  to  be  die  most  common  paitlal- 
thickiiess  tendon  tear.  A rlm-rent  tear  is  an  insertional  tear  at 
the  greater  tubeiosity,  typically  articular,  involving  eidierthe 
supraspinatus  antedorfy  or  the  infraspinatus  more  poster- 
iorly. Tendons  are  prone  to  tearing  at  dils  location  due  to  the 
90-degree  curvature  of  the  tendon  as  it  inserts  on  the 
greater  tuberosity.  Cuff  tears,  while  multifactorial,  are 
typically  associated  wldi  subaaomlal  Impingement- 
decreased  size  of  die  coracoacromlal  arch,  or  wear  and  tear/ 
overuse  followed  by  tendon  degeneration  and  teailng. 
Various  theories  are  proposed  regaiding  die  etiology  of  cuff 
tears.  In  addition  to  subacromial  impingement  proposed  by 
Neer,  otiier  theories  exist  Codman  developed  the  conaept  of 
the  “critical  zone*  involving  die  distal  portion  of  die  tendon 
as  the  location  for  tendon  degeneration.  Look  for  associated 
labral  tears  and  inbatendinous  cysts.  The  clinical  differential 
diagnosis  for  partial  tears  Includes  full-thickness  tear,  caklfk 
tendonitis,  and  adhesive  capsulitis.  Early  treatment  of  rotator 
cuff  tears  may  prevent  progression. 


(continued  on  poge  72) 


Ffg.2.2  (a)  Note  abnormally  increased  T2  signal  of  a partial-thickness,  articular-sided  "rim-rent”  tsar  of  the  supraspinatus  tendon  (arrow). 
Superimposed  tendinopatiiy  Is  seen  more  praximally  on  oblique  coronal  fat-suppressed  T2-welghled  imaging  (FS  T2WI).  (b)  in  a different  patient  note 
a thin  preserved  rim  of  overtying  supiaspinatus  tendon  (arrow)  on  oblique  coronal  FS  T2WI.  (c)  In  a different  patient,  note  a high  signal  rlm-rent  tear 
(arrow)  at  the  anterior  margin  of  the  supraspinatus  tendon  on  oblique  sagittal  FS  T2WI.  (d)  Example  in  a different  patient  of  a laiger  rim-rent  tear 
(arrow)  with  associated  humeral  head  geodes  and  reactive  marrow  edema  on  oblique  sagittal  FS  T2W1.  (e)  in  a different  patient,  note  conbast 
extending  into  a focal  aiticular  surf  ate  tear  of  the  more  proximal  infraspinatus  tendon  (arrow)  on  oblique  coronal  FS  T1  arthiogram.  (f)  A larger 
articular-sided  tear  of  die  more  proximal  supiaspinatus  tendon  In  a different  patient  (arrow)  on  oblique  coronal  FS  T2WI.  (continued) 
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Fig.  2.2  (continued)  (g)  Interstitial  tear  vtfthln  the  substance  of  tiie  more  proximal  suprasplnatus  tendon  (arrows)  on  oblique  coronal  FS  T2WI  and  (h) 
on  torresponding  oblique  sagittal  FS  T2WI,  (i)  Bursal  sided  laige  partial  cuff  tear  (arrow)  on  oblique  coronal  FS  T2WL  Note  fluid  in  die  subacromial/ 
subdeltoid  bursa,  due  to  bursitis,  (j)  Severe  bursal-sided  cuff  tear  (arrow)  witii  a large  amount  of  fluid  in  the  subacromial/subdelboid  bursa  (asterisk) 
on  oblique  coronal  FS  T2WI.  (k)  Note  bursal  and  aitlcular-slded  tears  (arrow)  with  a tfliin  remaining  tendon  on  oblique  coronal  FS  T2WI.  (!)  Irregular 
bursal-sided  tear  (arrow)  on  oblique  sagittal  FS  T2WI. 
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Table  2.1  (Cont.)  Lesions  of  the  rotator  cuff 


Abnormalities  MR  (findings 


Comments 


Full- thickness  tendon 
teais 

(►Fig.  23) 


A tyUhlckness  tendon  tear,  involving  the  suprasplnatus 
tendon  for  example,  is  defined  as  a defect  in  the  tendon 
resulting  in  communication  between  die  glenohumeral  joint 
and  subacromial  subdeltoid  bursa.  On  PDWI,  look  for  an 
Indistinct  tendon  with  thickened  or  discontinuous  tendon 
ends.  On  FS  T2W1  and  other  fluid-sensitive  sequences,  the 
key  finding  is  fluid  signal  at  die  tear  site.  Fluid  may  extend 
along  the  tear  continuously  from  the  bursa  to  die  aitlcular 
region.  With  a tendon  gap  or  redacted  tendon,  fluid  may 
outline  the  torn  tendon  ends.  Full- thickness  tears  are  best 
seen  on  oblique  sagittal  and  oblique  coronal  FS  12WI.  On 
axial  images  look  for  a fluid-filled  zone  replacing  the  tendon 
on  fluid-sensitive  sequences.  In  some  cases  full-thlckness 
teais  may  not  demonstrate  intervening  fluid  signal  due  to 
tiie  development  of  scar  or  granulation  tissue  at  the  tear 
site.  MR  arthiography  improves  visualization  of  tears.  Gd- 
condast  may  also  be  Identified  in  the  subacromlal/sub- 
deltold  bursa  on  MR  arthrography  using  FS  T1  Wl,  confirming 
die  diagnosis  of  a full- thickness  tear. 


Causes  of  f ull-tiilckness  tears  Include  acute  trauma,  overuse 
with  underlying  tendinopathy,  and  as  a sequela  of  impinge- 
ment. Full-thickness  tears  are  better  seen  with  MRI  than 
paitlal-thlckness  tears.  Findings  suggestive  of  full-thickness 
tendon  tears  Include  fluid  in  tiie  subaaomlal/subdeltold 
bursa  or  peribursal  fat  replaced  by  granulation  tissue.  Check 
for  fatty  replaaement/atrophy  of  the  involved  muscles  in 
chronic  tears.  Assess  for  the  degree  of  retraction  and 
Involvement  of  the  suprasplnatus  and/or  Infraspinatus 
tendons.  Tears  may  range  from  a f ull-tiilckness  tendon 
perforation  to  a complete  tendon  taar  with  redaction. 
Isolated  infraspinatus  tendon  tears  are  unusual.  Massive 
tears  of  the  cuff  usually  Involve  full-thickness  suprasplnatus 
and  infraspinatus  tears  with  retraction  and  a high-riding 
humeral  head,  look  for  associated  glenohumeral  degenera- 
tion, geodes  of  the  humeral  head,  and  a concave  articular 
suif  ace  to  tiie  acromion  In  massive  cuff  tears.  Assess  bleeps 
and  subscapulails  tendons  In  the  setting  of  cuff  tears.  The 
teres  minor  tendon  is  rarely  tom. 


(continued  on  poge  14) 


Fig,  2.3  Examples  of  progressively  larger  full-thickness  tears  of  the  distal  supraspinatus  tendon,  (a)  Focal  linear  tear  (arrow)  on  oblique  coronal  fat- 
suppressed  T2-welghted  Imaging  (FS  T2WI).  (b)  Tear  with  a small  gap  (arrow)  on  oblique  coronal  FS  12 Wl  and  (c)  on  oblique  sagittal  FS  12 Wl.  (d) 
Anterior  margin  supiaspinatus  tear  (arrow)  with  infraspinatus  tendinopathy  noted  more  posteriorly  on  oblique  sagittal  proton  density-weighted 
imaging  (TOWI)  and  (e)  on  corresponding  oblique  sagittal  FS  12WI.  (f)  Laiger  tendon  tear  retracted  beyond  tiie  field  of  view  on  oblique  sagittal  FS 
T2WI  and  (continued) 
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Fig.  2.3  (continued)  (g)  on  oblique  sagittal  PDWL  (h)  Corresponding  tear  site  is  seen  anteriorly  (arrow)  on  axial  FS  T2WI.  (I)  High-riding  humeral  head 
due  to  massive  cuff  tear  with  the  retracted  tom  supraspinatus  tendon  (arrow)  seen  on  oblique  coronal  FS  T2WL  Fluid  is  seen  dissecting  inferior  to  the 
axillary  pouch  (asterisk)  representing  a tear  of  the  axillary  pouch/inferior  glenohumeral  ligament  (j)  In  the  same  pab'ent  there  is  superimposed  teres 
minor  tendlnopathy/musde  sprain  (arrow)  seen  on  oblique  sagittal  FS  T2WL  (k)  Sequela  of  long-standing  rotator  cuff  tear.  Chronic  muscle  atrophy 
with  fatty  replacement  (asterisks)  of  the  tom  supraspinatus  and  Infraspinatus  (tom  ends  not  shown)  on  oblique  sagittal  PDWI. 
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Table  2.1  (Cont.)  Lesions  of  the  rotator  cuff 


Abnormalities  MRiflndings 


Comments 


Subscapularfs  tears 
(►  Rg.  2.4) 


The  subscapularfs  tendon  attaches  normally  to  the  lesser 
tuberosity.  The  adjacent  transverse  humeral  ligament 
crosses  die  lesser  tubeiosity  maintaining  the  biceps  tendon 
in  the  bldpltal  groove.  Subscapularfs  tears  are  best  seen  on 
axial  and  sagittal  Images.  Check  for  tearing  or  Irregularity  of 
die  subxapularis  tendon  as  it  approaches  the  lesser 
tubeiosity.  T1WI  and  POWI  will  show  abnormal  tendon 
tiilnning  or  thickening  or  morphological  change  of  the 
tendon.  On  axial  T2WI  look  for  fluid  In  a tendon  gap  or 
discontinuity  seen  with  a complete  tear.  Tendlnopatiiy  and 
small  tears  may  initially  be  seen  In  the  more  superior  portion 
of  die  tendon. 


A spectrum  of  subscapularfs  abnormalities  from  mild 
tendinopathy  to  complete  tendon  tears  with  retraction  can 
be  seen.  Typically  these  abnormalities  are  seen  In  patients 
over  age  40.  Subscapularfs  tears  are  usually  partial-thickness 
articular-surf  ace  tears,  involve  the  superior  fibers,  and  are 
associated  with  biceps  tendon  abnormalities  and  supra- 
spinatus  tendon  tears.  Ihey  may  be  associated  with  massive 
cuff  tears.  Causes  of  subscapularis  tendon  abnormalities 
Indude  anterior  dislocation,  subcoracold  Impingement,  or 
prior  tendon  degeneration.  Medial  subluxation  or  dislocation 
of  tire  biceps  tendon  is  often  seen  with  subscapularis  tears.  If 
posterior  shoulder  dislocation  has  occurred,  check  for 
subscapularis  tendon  tears  and  lesser  tuberosity  avulsion 
fracture.  Subcoracoid  impingement  has  been  suggested  as  a 
cause  for  subscapularis  tears  but  is  controversial.  The  ‘roller- 
wringer'  phenomenon  has  been  suggested  as  a cause- 
whereby  the  tendon  is  put  under  Increased  tension  as  It 
passes  between  the  lesser  tuberosity  and  coracoid  process, 
resulting  in  articular-surface  tears. 

(continued  on  poge  16) 
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Fig.  2.4  (a)  Mild  tendlnopathy  of  the  distal 
subscapularis  tendon  wfth  abnormal 
Increased  signal  of  the  distal  tendon  worse 
along  the  articular  side  (arrow)  on  axial  fat- 
suppressed  T2-weighted  Imaging  (FS 
T2WI).  (b)  Examples  of  tendinopathy 
(arrow)  along  the  bursal  side  of  the  tendon 
on  axial  F5T2WI  and  (c)  on  oblique  coronal 
FS  T2WI  (arrow),  (d)  Note  abnormal  signal 
of  tendlnopatiiy  often  seen  In  the  superior 
portion  of  the  tendon  (arrow)  on  sagittal 
FS  T2WL  (continued) 
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Fig.  2.4  (contrmMd)  (e)  Note  abnormal 
signal  of  tendlnopatiiy  often  seen  In  die 
superior  portion  of  the  tendon  (arrow) 
on  sagittal  FS  T2WI  (f)  Thinned,  partly 
tom  subscapularis  tendon  (blade  arrow) 
with  medial  subluxation  of  the  biaeps 
tendon  (white  arrow)  on  axial  FS 
T2WI.  (g)  Thinned  and  partly  tom 
subscapularis  tendon  with  medial 
subluxation  of  the  biceps  tendon 
abutting  the  tom  under suif  ace  of  the 
tendon  (arrow)  on  axial  FST2WI,  Debris 
is  seen  within  the  bidpital  groove. 

(h)  Different  patient  with  a complete 
subscapularis  tendon  tear  wtth  wavy 
fibers  (arrow)  retracted  f 10m  the  lesser 
tuberosity  on  axial  FS 
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Table  2.1  (Cont.)  Lesions  of  the  rotator  cuff 


Abnormalities 

MRi  findings 

Comments 

Calcific  tendonitis/ 
bursitis:  calcium 
hydroxyapatite 
deposition  disease 
(HADD) 

Fig.  2.5) 

Focal  low  signal  zona  on  gradient  recall  echo  (GRE)r  T1WI, 
and  T2WI.  However,  if  cakium  hydroxyapatite  is  in  a thick 
liquid  form,  it  may  be  of  increased  signal  on  F5  FUWI. 
Deposits  are  often  of  lower  signal  than  normal  tendon,  and 
interrupt  the  normal  fibrillar  architecture  of  the  tendon. 
$unx>unding  Gd-corrtrast  enhancement  reflects  inflamma- 
tion. This  condition  spares  the  articular  cartilage.  Correlate 
for  homogeneous  focal  to  diffuse  calcific  deposits  on 
radiographs.  May  be  associated  with  rotator  cuff  partial 
tears. 

Most  commonly  Involved  tendons:  supraspinatusXnfraspl- 
natus>teres  minor>  subscapularis.  Patients  30  to  50  years  of 
age,  eitlier  asymptomatic  or  with  symptoms  similar  to 
Impingement.  Dlfferentidl  Includes  degenerative  cakifica- 
tions  wftiiln  a tom  tendon,  which  are  usually  smaller  and 
seen  in  older  patients.  Loose  bodies  are  usually  not  identified 
within  a tendon,  whereas  HADD  is  usually  located  within  the 
tendon  substance.  Assess  for  loose  body  donor  site  or 
associated  osteoarthritis.  Also  consider  synovial  osbeochon- 
dnomatosis  (multiple  loose  chondral  or  osseous  articular 
bodies)  in  tiie  differential  diagnosis. 

Adhesive  capsulitis 
( Fig.  2.6) 

Thickening  (>3  to  4 mm),  of  the  inferior  joint  capsule  (the 
axillary  pouch)  formed  by  tiie  Inferior  glenohumeral 
ligaments  seen  on  coronal  PDWI  or  T2WI.  Check  for 
associated  edema  of  the  axillaiy  pouch  on  fluid-sensitive 
sequences  in  more  acute  cases.  On  oblique  sagittal  images 
look  for  replacement  of  normal  fat  In  the  rotator  Interval  by 
infllammatoiy  or  scar  tissue  that  may  also  surround  the 
superior  and  middle  glenohumeral  ligaments. 

Also  known  as  frozen  shoulder,  adhesive  capsulitis  is  a 
disorder  of  painful  decreased  range  of  motion  at  the 
shoulder  joint.  There  may  be  a histoiy  of  trauma/surgery,  or 
this  condition  may  oecur  with  unknown  etiology,  impinge- 
ment may  present  in  a similar  pattern.  Increased  capsular 
signal  and  synovial  proliferation  In  the  axillaiy  pouch  on  F5 
12WI  is  seen  with  more  active  cases  of  adhesive  capsulitis, 
whereas  the  lack  of  T2  hyperintensity  is  consistent  with 
scarring. 

(continued  on  page  18) 


Fig.  2.5  (a)  Calcific  tendonitis  with  hydroxyapatite  ciystal  deposition  In  the  distal  rotator  cuff  on  anteroposteilor  radiograph,  (b)  Deposits  are  of  lower 
signal  than  the  tendon  (arrow)  on  oblique  coronal  proton  density-weighted  imaging  (PDWI).  (c)  Larger  low  signal  focus  of  calcific  tendonitis  (arrow)  in 
a different  patient  involving  the  infraspinatus  tendon  on  oblique  sagittal  PDWI  (arrow)  and  (d)  on  oblique  sagittal  fat-suppressed  12-weighted  imaging 
(FS  T2W1)  (arrow),  (e)  intraosseus  cakific  tendonitis  with  cakificatlon  In  the  distal  supiaspinatus  tendon  and  imraosseus  extension  through  a small 
coitlcal  defect  In  the  humeral  head  on  sagittal  computed  tomographic  Image,  (f ) Note  corresponding  low  signal  (arrow)  on  oblique  sagittal  PDWI. 
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Fig.  2.6  (a)  ThkUeoed  axillary  pouch  (arrows)  In  chronic  adhesive  capsulitis  wftii  low  signal  on  both  oblique  coronal  proton  density- weighted  Imaging 
(PDWI)  and  (b)  oblique  coronal  fat-suppressed  T2-weighted  imaging  (FS  T2WI).  (c.d)  Examples  of  acute  adhesive  capsulitis  with  increased  signal  and 
thickening  of  the  anilary  pouch,  on  oblique  coronal  FS  T2WI  and  (e)  thickening  of  the  inferior  capsule  on  axial  FS  T2WL  (f)  Associated  finding  of 
obliteration  of  fat  and  replaeement  with  soft  tissue  signal  material  in  die  subcoracoid  leglon/rotaior  interval  on  oblique  sagittal  P0WI  and  (g)  on 
oblique  sagittal  FS  T2WI.  in  a different  patient  (h),  note  increased  signal  synovitis  (arrow)  along  the  superior  margin  of  die  subscapular  Is  tendon 
abutting  the  proximal  biceps  tendon  (arrowhead)  on  sagittal  FS  T2WI. 
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Table  2.1  (Cont.)  Lesions  of  the  rotator  cuff 


Abnormalities 

MRifindingS 

Comments 

Pectoralis  musde  tears/ 
strain 

(►Fig.  2.7) 

Key  finding  of  muscle  edema/hemoirhage  seen  on  flfuld- 
sensitive  sequences  along  the  humeral  insertion  of  the 
pectoralis  major.  Also  assess  the  chest  wall  for  muscle 
edema/hemontiage.  T1WI  and  TOWI  may  show  hematoma 
or  loss  of  muscle  architecture  Indicating  Injuiy.  Consider 
including  the  patient's  contralateral  side  to  help  identify  die 
normal-appearing  distal  tendon. 

Most  pectoralis  muscle  tears  are  partial  tears  and  Involve  die 
musculotendinous  junction  or  die  tendon  insertion  distally 
at  die  lateral  margin  of  the  bidprtal  groove  along  the 
humeral  shaft.  Note  tiiat  the  tendon  arises  from  both  a 
sternal  head  and  a clavicular  head.  Injuiy  Is  typically  seen  in 
weightliftec  performing  benchpresses. 

Fig.2.7  (a)  Tom  and  retracted  low  signal  tendon  of  the  pectoralis  major  musde.  Note  irregular  wavy  fibers  of  die  redacted  tendon  (arrow)  on  axial 
proton  density-weighted  Imaging  (PDWI).  (b)  The  retracted  tendon  Is  of  low  signal  (arrow)  wftii  surrounding  edema/hemonhage  on  axial  fat- 
suppressed  T2-welghted  Imaging,  (c)  Coronal  POW1  demonstrates  the  degree  of  tendon  retraction  (arrow). 
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2.2  Lesions  Associated  with 
Impingement 

• Subacromial  bone  spur  • Other  suggested  osseous  contributors  to  subacromial 

• Acromioclavicular  (AC)  joint  degeneration  impingement:  acromial  shape,  slope,  orientation,  and  os 

acromiale 

• Internal/posterosuperior  glenoid  impingement 


Table  2.2  Lesions  associated  with  impingement 
Abnormalities 

Subacromial  bone  spur 
(►Fig.  2.8) 


MRI  findings 

While  small  subacromial  spurs  are  commonly 
seen  in  older  patients,  spurs  equal  to  or  greater 
than  5 mm  have  been  associated  with  supra- 
spinatus  tendon  tears.  Spurs  are  seen  along  the 
anterior  margin  of  the  acromion  on  oblique 
sagittal  proton  density-weighted  imaging 
(PDWI)  or  fat-suppressed  T2-weighted  imaging 
(FS  T2WI).  When  looking  for  a subacromial  spur, 
do  not  confuse  a normal  deltoid  insertion  on  the 
acromion  with  a true  subacromial  spur  that 
usually  contains  abnormal  marrow  signal  on  FS 
T2WI. 


Comments 

Subacromial  impingement  was  originally 
described  by  Neer  in  1972.  Several  entities  result 
in  a decreased  space  beneath  the  coracoacro- 
mial  arch  causing  impingement  and  subsequent 
supraspinatus  tendon  degeneration  and  tears. 
Impingement  syndrome  is  a clinical  diagnosis 
believed  to  result  from  compression  of  the 
supraspinatus  and  biceps  tendons  and  subacro- 
mial bursa.  This  results  in  clinical  symptoms  of 
shoulder  pain,  particularly  with  abduction  and 
external  rotation  or  elevation  and  internal 
rotation.  Decrease  in  the  subacromial  space  to 
less  than  7 mm  places  the  patient  at  risk  for 
subacromial  impingement.  Controversy  exists  as 
to  whether  tears  are  due  to  intrinsic  tendinop- 
athy/degeneration  or  mechanical  impingement. 

(continued  on  page  22) 
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Fig.  2.8  (a)  Note  a subacromial  osteophyte  (arrow)  Impressing  on  the  musculotendinous  junction  of  die  supiasplnatus  wftii  associated  moderate 
degenerative  changes  of  the  acromioclavicular  joint  on  oblique  sagittal  proton  density-weighted  imaging  (POWI)  and  (b)  oblique  sagittal  fat- 
suppressed  T2-weighted  imaging  (FS  T2W1).  (c)  Surgical  treatment  of  impingement  syndrome  may  include  subacromial  decompression  and  resection 
of  the  distal  davide  (arrow)  seen  on  axial  FS  T2WI  or  (d)  acromioclavicular  (AC)  joint  resection  (arrow)  on  oblique  sagittal  POWI  and  (e)  on  oblique 
aoronal  FS  T2WI  (arrow). 
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Table  2.2  (Cont.)  Lesions  associated  wtth  Impingement 


Abnormalities  MRI  findings 

Comments 

Acromioclavicular  (AC)  joint  degeneration  Degenerative  changes  including  interiorly  posi- 

(►  Fig.  2.9)  tioned  osteophytes  and  capsular  hypertrophic 

changes  are  commonly  seen.  Degenerative 
changes  may  also  result  in  an  impression  on  the 
underlying  supraspinatus  with  obscuration  of 
the  subacromial  fat  on  PDWI.  These  findings  are 
suggestive  of  impingement  in  the  correct 
clinical  setting.  Assess  for  irregularities  of  the 
articular  surfaces;  osteophyte  formation,  par- 
ticularly interiorly;  AC  joint  capsular  thickening; 
and  effaced  subacromial  fat  in  suspected 
impingement.  The  finding  of  marrow  edema  on 
either  side  of  the  AC  joint  has  been  associated 
with  symptomatic  disease. 

AC  joint  arthritic  changes  are  very  common  and 
may  not  result  in  impingement,  particularly  if 
spurring  extends  cephalad  away  from  the  joint. 
With  chronic  rotator  cuff  tear,  arthrogram 
contrast  may  be  seen  lo  extend  into  the  AC  joint 
and  into  the  subcutaneous  tissues  cephalad  lo 
the  AC  joint,  the  "geyser  lesion."  A synovial  cyst 
may  also  develop  superior  lo  the  AC  joint  and 
present  clinically  as  a palpable  mass,  in  younger 
patients  with  similar-appearing  arthritic 
changes,  consider  posttraumatic  osteolysis  of 
the  AC  joint.  This  condition  is  seen  in  athleles  or 
after  an  episode  of  acute  trauma.  With  osteol- 
ysis there  will  be  a greater  degree  of  articular 
irregularity  and  surrounding  mairow  edema 
than  is  seen  in  cases  of  osteoarthritis.  Additional 
findings  include  loss  of  cortical  definition  and 
synovitis. 

(continued  on  page  24) 
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Fig.  2.9  (a)  Acromioclavicular  (AC)  joint 
osteoarthritis  Is  a eommon  finding  in 
asymptomatic  patients;  however,  the 
presence  of  marrow  edema  may  be  seen 
in  symptomatic  patients.  Typical  find- 
ings include  osteophytosis,  articular 
Irregularity,  capsular  hypertrophy,  and 
loss  of  the  subacromial  fat  plane  and  an 
impression  on  the  undeiiying  musculo- 
tendinous junction  of  the  supiaspinatus 
on  oblique  coronal  proton  density- 
weighted  imaging  (PDWI)  and  on  (b) 
oblique  coronal  fat-suppressed  T2- 
welghted  Imaging  (FS  T2WI).  Note 
reactive  marrow  edema  (arrow),  (c) 
Additional  case  of  AC  joint  osteoarthritis 
with  more  pronounced  changes, 
induding  a prominent  impression  on  the 
supiaspinatus  (arrow)  on  oblique  sagit- 
tal POWt.  (d)  On  oblique  sagittal  FS 
T2WI  note  a similar  impiession  on  the 
supiaspinatus  and  magnetic  susaeptibll- 
Ity  artifact  with  characteristic  curvilinear 
foci  of  adjacent  high  and  low  signal 
(arrow)  due  to  tiny  metallic  fragments 
related  to  prior  AC  joint  injection. 
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Table  2.2  (Cont.)  Lesions  associated  with  Impingement 


Abnormalities 

MRI  findings 

Comments 

Odter  suggested  osseous  contributors  to  sub- 
acromial impingement  acromial  shape,  slope, 
orientation,  and  os  acromiale 
(►  Fig.  2.10) 

Although  controversial,  the  following  acromial 
findings  have  been  associated  with  impinge- 
ment. An  inferoldteral-tilting.  down-sloping,  or 
low-lying  acromion  can  be  identified  on  oblique 
eoronal  and  oblique  sagittal  Images.  A type  II 
acromion  with  a concave  inferior  surface  and  a 
type  III  acromion  wltii  anteroinferior  hooking 
can  be  seen  on  sagittal  Images.  An  os  acromiale 
may  be  identified  on  axial  and  eoronal  Images. 

Acromial  shape  has  been  previously  Implicated 
in  impingement  but  is  controversial.  Aoomial 
slope  and  position  have  also  been  associated 
wltii  Impingement.  Os  acromiale  is  an  accessory 
center  of  ossification  usually  fused  by  25  to  30 
years  of  age.  When  the  os  is  mobile,  it  may 
cause  impingement  due  to  a decrease  in  the 
coraeoacromfal  space.  Meso  os  acromiale  is  the 
most  common  type.  An  os  acromiale  may  be  a 
confusing  finding  on  eoronal  magnetic  reso- 
nance (MR)  images  if  it  is  mistaken  for  the  AC 
Joint.  Chedc  axial  images  to  identify  the  os 
acromiale  separate  from  the  AC  Joint. 

Intemal/posterosupeifor  glenoid  Impingement 
(►Fig.  2.11) 

Look  for  throe  key  associated  findings:  partial 
undersurface  tear  at  the  junction  of  the  supra- 
spinatus and  infraspinatus  tendons,  geodes 
along  the  posterosuperlor  humeral  head,  and 
labral  tears/degeneration  along  the  poStorosu- 
perior  labium.  Cuff  abnormalities  aie  typically 
best  seen  on  oblique  sagittal  FS  72WI  and 
oblique  eoronal  FS  T2W1.  Labral  findings  are 
often  best  seen  on  FS  T1  arthrogram  Images. 

Typically  seen  In  overhead-throwing  athletes  and 
in  occupations  requiring  overhead  woik. 
Impingement  occurs  in  abduction,  external 
rotation.  In  the  late  cocking  phase  of  throwing 
there  Is  impingement  between  the  Junction  of 
the  posterior  supraspinatus/anterior  infraspina- 
tus with  tiie  humeral  head  and  between  the 
posterosuperlor  glenoid  and  the  labium. 

Flg.2  .10  Other  osseous  eontilbutors  to  subacromial  Impingement.  Although  controversial,  type  II  and  III  acromial  valiants  and  abnormal  acromial 
position,  tilt,  and  slope  have  been  associated  with  impingement  (a)  Note  a type  II  anteriorly  curved  acromion  (arrow)  and  underlying  full-thickness 
supraspinatus  tsar  on  oblique  sagittal  fat-suppressed  72-weighted  imaging  (FS  72 Wl).  (b)  A low-lying  acromion  (arrow)  relative  to  die  distal  davicle  is 
seen  on  oblique  eoronal  proton  density-weighted  imaging  (POWI).  (c)  inferdateral  tilt  to  the  acromion  (arrow)  Is  seen  on  oblique  soronal  R3WL  (d)  Os 
acromlale  (asterisk)  is  an  ascessoiy  ossification  center  of  die  distal  acromion  as  seen  on  axial  FS  72 WL  Note  the  adjasent  acromioclavicular  joint 
(arrow),  (e.f)  Two  additional  ©camples  of  os  acromiale  (asterisks)  identified  on  oblique  sagittal  POWI  and  on  oblique  sagittal  F5  T2WI. 
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Fig.  2.11  intemal/posterosuperlor  glenoid  Impingement  may  be  suspected  in  overhead-throwing  athletes  and  overhead  vrorlers  with  posterior 
shoulder  pain,  (a)  The  following  combination  of  findings  is  often  seen  In  tills  Rendition:  geodes  (arrow)  near  the  humeral  head  Insertion  of  die 
infraspinatus  on  oblique  sagittal  proton  density-weighted  imaging  (PDWI),  (b)  infraspinatus/supraspinatus  junction  undersurface  tears  on  oblique 
aoronal  fat-suppressed  (F5)  T1  ardirogram,  and  (c)  posterosuperior  labral  tears  (arrows)  on  axial  artlirogram  images,  (d)  Poster osuperior  labral  tears 
(arrows)  on  axial,  (e)  oblique  aoronal,  and  (f,g)  oblique  sagittal  FS  T1  aithrogram  Images. 


2.2.1  Lesions  Associated  with 
Impingement  Suggested  Reading 

[1]  Barren)  CG>  Caragranda  BU,  Towers  JD,  Bradley  JP.  Magnrtic  resonance 
ippearance  of  posterxRA^ciar  Lahral  peel  back  during  humeral  abduction 
and  external  mwkm.  Skpleral  Radiol  2010;  39;  19-26 


[2]  Giaroh  EL,  M^or  NM,  Higgins  ID.  MR1  of  internal  impingement  of  the 
shoulder.  AIR  Amj  tontgennl  2005;  185: 925-929 

[3]  Tshering  Vogel  DW,  Stelnboch  LS,  Henri  R.  Bombard  ],  Stauffer  E,  Anderson 
SE.  Aonmiodavicular  joint  cyst:  nine  cases  of  a paeudotumor  of  the  shoulder. 
Skeletal  Radiol  2005;  34: 260-265 
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2.3  Lesions  Associated  with 
Shoulder  Instability 

• Bankart  lesion 

• Bankart  fracture 

• Perthes  lesion 

• Anterior  labrum  periosteal  sleeve  avulsion  (ALPSA) 
lesion 


Glenoid  labrum  articular  cartilage  disruption  (GLAD)  lesion 
Posterior  instability/posterior  labral  tears 
Posterosuperior  labral  tears/paralabral  cysts 
Humeral  avulsion  of  the  glenohumeral  ligament  (HAGL) 
lesion 


Table  2.3  Lesions  associated  with  shoulder  instability 


Abnormalities  MRI  findings 


Comments 


Bankart  lesion 
(►Fig.  2.12) 


An  anteroinferior  labral  detachment  seen  between  the  3 
o’clock  and  6 o'clock  anterior  portions  of  the  glenoid  with 
an  associated  tear  of  the  adjacent  peiiosteum.  Best  seen  on 
axial  fat-suppressed  (FS)  T1  arthrogram.  High  signal  contrast 
exbends  between  the  low  signal  labrum  and  inteimediate 
signal  glenoid  articular  cartilage.  Imaging  may  or  may  not 
demonstrate  an  associated  labral  tear,  which  will  demon- 
strate abnormal  signal  or  morphology  of  the  labrum.  A labral 
tear  may  extend  cephalad  to  the  level  of  the  subscapularis 
tendon.  Findings  may  also  be  seen  on  axial,  oblique  coronal, 
and  oblique  sagittal,  FS  T2-weighted  imaging  (T2WI).  Look 
for  associated  Hill-Sachs  impaction  f iscture  of  the  postero- 
lateral humeral  head  or  bony  Bankart  lesion  of  the  glenoid. 


In  patients  with  anteiior  instability  following  anterior 
shoulder  dislocation,  a Bankart  lesion  is  the  most  common 
labral  abnonnality.  The  spectrum  of  injury  includes  a partial 
labral  tear  or  labral  crush  injury,  an  abnormally  small  and 
tom  anteiior  labium,  or  a detached/displaced  labium  tom 
from  the  anteiior  scapular  periosteum.  Duiing  anterior 
dislocation,  the  humeral  head  impacts  the  anterior  bony 
glenoid  and  results  in  an  associated  Bankart  fractuie  in  a 
minority  of  patients.  Anterior  labral  tears  may  occur  without 
a history  of  anterior  dislocation  or  instability. 


(continued  on  page  28) 
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Fig.  2.12  (a)  Bankart  lesion,  note  detachment  and  tear/inegulartty  of  die  anteroinferior  labmm  (arrow)  on  axial  fat-suppressed  (FS)  T1  arthrogram. 
(b)  A smaller  Bankart  lesion  (arrow)  Is  seen  In  another  patient  on  the  abduction  Internal  rotation  (ABER)  view  on  FS  T1  arthrogram.  (c)  The  extent  of 
the  labral  tear  (arrows)  is  seen  on  oblique  sagittal  FS  T1  arthrogram  and  (d)  on  oblique  coronal  FS  T1  arthrogram.  (e)  A chronic  Bankart  tsar  (arrow)  is 
seen  on  axial  FS  T2WI.  Note  glenoid  marrow  edema  from  recurrent  injury. 
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Table  23  (Cont.)  Lesions  associated  with  shoulder  instability 


Abnormalities 

MRifindings 

Comments 

Bankart  fracture 
( Fig.  2.13) 

Seen  as  a cortical  fracture  along  the  anterior  or  anteroinfe- 
rior glenoid  rim  following  anterior  glenohumeral  dislocation, 
look  for  high  signal  marrow  edema  surrounding  the  fracture 
lines  and  bone  fragments  on  FS  T2WI.  in  our  experience, 
oblique  sagittal  proton  density-weighted  Imaging  (PDWi)  Is 
die  most  useful  sequence  to  detect  a Bankart  fracture  as  a 
discontinuity  or  irregularity  of  the  anterior  glenoid.  The 
shoulder  capsule  may  obscure  the  fragment  on  other  planes. 

Bankait  fractures  are  seen  In  association  wfth  a Hill-Sachs 
impaction  fracture  or  humerai  head  bone  bruise.  Recurrent 
dislocations  may  worsen  a Hill-Sachs  lesion  and  f urtiier 
deform  the  anterior  glenoid  rim. 

Perthes  lesion 
(Fig.  2.14) 

less  severe  Bankart  variant  wfth  intact  scapular  periosteum. 
Focal  linear  abnoimal  signal  is  seen  on  axial  FS  T2WI 
between  an  avulsed  anteroinferior  labrum  and  bony  glenoid. 
Perthes  lesions  may  be  best  seen  on  FS  T1  arthrogram  using 
die  abduction  external  rotation  (ABER)  position.  Labrum  Is 
usually  not  displaced. 

The  ACER  position  is  usefiil  for  detecting  subtle  anteroinfe- 
rior labral  tears  as  tills  technique  places  the  Inferior 
glenohumeral  ligament  and  capsule  under  tension.  Tears  not 
seen  on  routine  axial  imaging  are  often  displayed  using  the 
ABER  position. 

(continued  on  page  30) 


Fig. 2.13  (a)  Bankart  fracture  in  three  patients  with  history  of  prior  anterior  dislocation.  Note  curvilinear  fracture  fragments  (arrows)  from  the 
anteroinferior  glenoid  on  oblique  sagittal  proton  density^weighled  imaging  (PDWI)  and  (b,c)  oblique  sagittal  fat-suppressed  12-weighted  imaging 
(FS  T2WI).  (d)  Three  additional  patients  with  Bankart  fractures:  a medially  displaced  fracture  fragment  (arrow)  on  anteroposterior  shoulder  radiograph, 
(e)  coronal  computed  tomographic  reconstruction  of  an  oblique  fracture,  and  (f)  a medially  displaced  Bankart  fracture  (arrow)  on  coronal  FS  T2WI. 
(continued) 
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Fig.  2.13  (continued)  Axial  images  thiough  die  inferior  portion  of  the  glenoid  in  different  patients  with  Bankart  fractures,  (g)  Note  the  displaced 
fragment  and  marrow  edema  (arrow)  on  axial  FS  T2WI.  (h)  Note  cortical  irregularity  indicating  a fracture  (white  arrow)  and  adjacent  deformed  tom 
labium  with  a loose  body  (black  arrow),  on  axial  FS  T2W1.  (I)  A Hls-Sachs  fracture  of  the  posterolateral  humeral  head  Is  die  sequela  of  anteroinferior 
dislocation  of  die  humeral  head.  Note  notch  defect  on  aoronal  POWI  (auow). 


a 


Fig.  2.14  (a)  A Perthes  lesion  with  an  anterior  labral  tear  (large  arrow)  with  slight  labral  displacement  and  intact  scapular  periosteum  (small  arrow)  on 
abduction  external  rotadon  (ABER)  fat-suppressed  (FS)  T1  arthrogram.  (b)  In  a different  patient  note  abnormal  signal  sepaiatlng  a slightly  displaced 
anterior  labrum  from  the  glenoid  (arrow)  on  axial  FS  T1  arthrogram.  (c)  In  a third  case,  note  a nondlsplaeed  tom  and  diminutive  anteroinferior  labrum 
(arrow)  on  axial  FS  TCWI.  The  lade  of  increased  T2  signal  witiiin  the  tear  suggests  an  old  scarred  down  lesion. 


29 


The  Shoulder 


Table  2.3  (Cont.)  Lesions  associated  with  shoulder  instability 


Abnormalities 

MRifindings 

Comments 

Anteiior  labrum 
periosteal  sleeve 
avulsion  (ALPSA)  lesion 
(►  Fig.  2.15) 

A Bankart  variant  with  detachment  of  the  anterior  labrum 
fiom  the  anteroinferior  labrum  with  an  intact  scapular 
periostaim.  The  key  finding  is  labroligamentous  complex 
displacement  Interiorly  and/or  medially.  The  sleeve  of  the 
avulsed  periosteum  remains  Intact  and  In  continuity  with  die 
detached  and  displaced  labrum.  This  may  be  associated  with 
a glenoid  (Bankart)  fracture.  Best  sequence  to  define  this 
lesion  is  either  axial  or  ABER  FS  T1  arthrogram  or  axial  FS 
T2WI.  Check  for  a displaced  labrum  and  edema  or 
thickening  of  die  adjacent  capsule.  A greater  degree  of 
edema  is  identified  with  acute  injuries. 

Medial  labral  displacement.  If  chronic,  may  result  In  a 
malpositioned  labral  fragment  along  the  anterior  glenoid 
with  fibrosis.  Follow  the  course  of  the  glenohumeral 
ligaments  on  magnetic  resonance  (MR)  aithrogram  to 
distinguish  an  ALPSA  from  a prominent  middle  glenohum- 
eral ligament.  ALPSA  and  Bankart  lesions  are  associated  with 
shoulder  Instability. 

Glenoid  labrum 
articular  cartilage 
disruption  (GLAD) 
lesion 

(►  Fig.  2.16) 

An  articular  caitilage  flap  or  chondral  defect  associated  with 
a partial  tear  of  die  anterior  labrum.  Well  seen  on  axial  or 
ABER  FS  T1  ardirogram  or  axial  FS  T2WI  as  abnormally 
increased  signal  of  a paitial  labial  tear  associated  with  a 
chondral  abnormality.  The  partial  labial  tear  in  a GLAD  lesion 

Is  typically  nondisplaced. 

GLAD  lesions  are  typically  identified  without  a histoiy  of 
anteiior  dislocation  or  Injuiy  to  the  capsule.  There  maybe  a 
histoiy  of  pain  without  Instability.  MR  findings  are  more 
subtie  than  with  other  types  of  labial  pathology. 

(continued  on  page  32) 

Fig. 2. 15  Anterior  labrum  periosteal  sleeve  avulsion  (AlPS^)  lesion. 
The  labrum  Is  detached  from  the  anterior  glenoid  and  displaced 
medially  (arrow)  on  axial  fat-suppressed  (FS)  T1  arthrogram.  The 
sh  ipped  scapular  periosteum  permits  the  labroligamentous  complex  to 
displace  medially. 
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Fig.  2,16  Glenoid  labrum  articular  cartilage  disruption  (CIAD)  lesion  in  different  patients.  Arrows  show  anteroinferior  labral  tears  with  involvement 
of  the  adjacent  glenoid  articular  cartilage  on  (a)  abduction  external  rotation  (ABER)  fat-suppressed  (F5)  T1  aitiuogram  and  (b)  axial  F5  T2-weighted 
Imaging  (T2WI).  (c)  Note  a gap  with  Irregular  signal  and  fraying  of  the  anterior  glenoid  cartilage  and  tom  labium  (arrow)  on  axial  F5  T1  arthrogram. 
(d)  Note  increased  signal  fluid  demarcating  the  chondrolabral  separation  on  ABER  FS  T1  arthrogram.  (e)  An  elongated  chondral  defect  Is  well  seen  on 
coronal  FS  T1  arthrogram. 
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Table  2.3  (Cont.)  Lesions  associated  wtth  shoulder  Instability 

Abnormalities 

MRI  findings 

Comments 

Posterior  instability/ 
posterior  labral  tears 
(i  Fig.  2.17) 

Look  for  abnormal  linear  signal  within  the  posterior  labrum 
on  FS  T2WI  or  FS  T1  arthrogram.  Tears  may  be  partial  labral 
tears  or  posterior  Bankart  lesions  with  labral  detachment. 
Tears  may  be  focal  linear  signal  abnormalities  or  more 
complex  appearing  lesions  with  tearing  and  superimposed 
degeneration  with  intennediate  signal  changes  on  fluid- 
sensitive  sequences.  The  posterior  labral  lesions  aie  associ- 
ated with  reverse  bony  Bankart  and  reverse  Hills-Sachs 
fracture.  Look  for  cortical  bone  indentation  on  PDWI  and 
marrow  edema  on  FS  T2WI.  On  X-ray,  the  reverse  Hills-Sachs 
presente  as  the  "trough  sign"  seen  along  the  anteromedial 
humeral  head.  Posterior  labral  tears  may  be  associated  with 
injury  to  the  posterior  band  of  the  inferior  glenohumeral 
ligament  injury  (posterior  HAGL  [PHAGL]).  A posterior  labral 
periosteal  sleeve  avulsion  (POLPSA)  lesion  is  analogous  to 
the  ALPSA  lesion  desciibed  earlier.  A POLPSA  lesion  is  a 
posterior  labral  tear  in  which  the  tom  labrum  lemains 
attached  to  the  glenoid  via  a sleeve  of  stripped  periosteum. 

A shallow/hypoplastic  glenoid  fossa  is  seen  with  atraumatic 
posterior  dislocations  and  may  be  associated  with  posterior 
labral  tears. 

Posterior  instability  and  associated  posterior  labral  tears  may 
be  atraumatic  due  to  a developmental^  hypoplastic  glenoid. 
Alternatively,  blunting  of  the  posterior  glenoid  may  be  the 
sequela  of  prior  posterior  subluxation  as  seen  with  repetitive 
trauma  in  athletes.  This  may  lead  to  posterior  labral  tears. 
Posterior  dislocation,  although  uncommon,  may  be  post- 
traumatic  or  due  to  a seizure.  Differential  for  posterior  labral 
tear  includes  the  Bennett  lesion-heterotopic  ossification/ 
calcification  adjacent  to  the  posterior  glenoid/posterior 
labral  injury.  This  is  seen  in  throwing  athletes. 

(continued  on  page  34) 
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Fig.  2,17  Posterior  instability /posterior  labial  tsars,  (a)  Glenoid  dysplasia  with  abnormally  shallow  and  tabulated  glenoid  allowing  for  atraumatic 
posterior  dislocation  on  radiograph,  (b)  Another  case  of  glenoid  dysplasia  with  a reverse  Bankait  lesion  and  abnormal  signal  through  the  labrum  and 
posterior  glenoid,  (arrow)  on  axial  fat-suppressed  T2-weighted  Imaging  (F5  T2WI).  (c)  Sequelae  of  multiple  episodes  of  posterior  dislocation  with 
posttraumatic  aithiitic  changes  of  the  posterior  glenoid  on  oblique  sagittal  proton  density-weighted  imaging  (PDW1).  (d)  Trough  sign  of  prior 
posterior  dislocation  on  radiograph  and  (e)  axial  computed  tomographic  image  (blade  arrow).  Note  small  fracture  fragment  at  the  posterior  glenoid 
and  larger  displaced  fragment  anterior  to  the  glenoid  (white  arrows),  (f)  Example  of  posterior  labral  pathology  with  posterior  labral  detachment  and 
high  signal  fluid  deep  to  the  stripped  glenoid  periosteum  (arrow)  on  axial  F5  T2WI.  (g)  High  signal  Gd-contrast  defines  posterior  labral  detachment  In  a 
different  patient  on  axial  F5  T1  arthrogram  and  (h)  sagittal  F5  T1  arthrogram  (arrows),  (i)  Complex  tears  of  the  posterior  labitim  (arrow)  in  a different 
patient  on  axial  FS  T2WI. 
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Table  23  (Cont.)  Lesions  associated  with  shoulder  Instability 


Abnormalities 

MRiffndings  Comments 

Posterosuperior  labial 
teais/paralabral  cysts 
(►Fig.  2.18) 

Paralabral  cysts  are  most  commonly  seen  posterosupedoriy 
accompanied  by  a tear  of  die  posterosuperior  or  posterior 
labium.  Cysts  are  easily  identified  by  tiieir  rounded  or  oval 
appearance  and  fluid  signal-low  signal  on  T1WI  and  P0W1 
and  Increased  signal  on  FST2WI  or  otiier  flluld-sensitlve 
sequence  such  as  short  T1  inversion  recovery  (STIR). 
Septations  within  paralabral  cysts  are  common.  Cysts  are 
often  seen  In  die  spinoglenoid  or  suprascapular  notch.  MR 
arthrogram  contrast  may  All  the  cyst 

Paralabral  cysts  are  die  result  of  Jofcit  fluid  exlendhg  tiirough  a 
labial  tear  with  subsequent  development  of  a cyst,  Ihe  presence 
of  a paralabial  cyst  is  presumptive  of  a labral  tear,  although  die 
tsar  may  not  be  visible.  Largercysts  may  result  In  compression  of 
die  suprascapular  nerve  and  reaAant  musde  edema  or  atrophy 
of  the  supraspinatus  or  infraqjinatus  muscle.  Superior  labrum 
anterior  to  posterior  (SLAP)  lesions  may  abo  demonstrate  a 
posterosuperior  paralabral  cyst.  Throwers  with  posterosuperior/ 
Internal  Impingement  may  dononstrate  labial  teais/degenera- 
tion  of  die  posteusupeilor  labrum-a  subtype  of  a SLAP  II  tear. 

Humeral  avulsion  of 
die  glenohumeral 
ligament  (HAGL)  lesion 
(►  Fig.  2.19) 

Usually  identified  on  oblique  coronal  FS12WI  or  on  FST1 
arthrogram.  Look  for  discontinuity  of  the  inferior  gleno- 
humeral ligament,  which  will  be  avulsed  from  its  humeral 
attachment  and  result  In  a J-shaped  Inferior  maigin  of  the 
joint  capsule.  Iliere  may  be  a secondary  sign  of  edema  or 
extravasation  of  contrast  beyond  die  expected  margin  of  die 
capsule  on  fluid  sensitive  sequences.  This  finding  will  be 
visible  at  the  inferior  margin  of  the  capsule/axillaiy  pouch. 
Note  that  arthrogram  contrast  may  also  be  seen  beyond  die 
capsule  due  to  iatrogenic  causes  in  cases  without  a HAGL 
lesion. 

The  inferior  glenohumeral  ligaments  are  key  stabilizers  of  die 
glenohumeral  joint  HAGL  lesions  ae  assort sad  with  aitarior 
Instability.  In  addition  to  the  above  MR  findings,  also  chedc  for 
avulsion  of  a bone  fragment  with  the  lorn  Inferior  glenohumeral 
ligament,  a bony  HAGL  (BHAGL)  lesion.  Look  for  sequelae  of 
shoulder  didocabon/instabilrty  and  associated  tears  of  the 
subic^pularis  tendon,  \faif  ants  of  a HAG  L Indude  a sprain  of  the 
axlllaiy  pouch  wf  th  a dbaandnuity  of  the  midportion  of  the 
capaile,  A HAGL  lesion  1$  less  common  tiian  a Bankait  lesion  after 
anterior  dislocation.  9b1  less  common  is  the  revere  or  posterior 
HAGL  lesion  (PHAGL  lesion)  fallowing  posterior  subluxation. 
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Fig. 2.1 8 fostgrusuperior  labral  tears/paralabial  cysts,  (a)  faStm*operior  paralabral  cyst  (asterisks)  associated  with  a superior  labrum  anterior  to  posterior 
(SLAP)  tear  (arrows)  on  axial  fat-suppressed  12 -weighted  Imaging  (FS  T2WI)  and  (b)  toronal  F5  T7W1.  (c)  A septated  paralabral  cyst  (asterisk)  arising  from  a 
posterior  labral  tear  on  arial  FS  T2\M.  (d)  The  paralabral  cyst  (asterisk)  extends  between  the  musde  bellies  of  the  suprasplnatus  and  Infraspinatus  musdes  on 
sagittal  FS  T2WI.  (e)  A different  patient  with  a paralabral  cyst  (asterisk)  posterior  to  die  glenoid  filling  with  contrast  on  oblique  sagittal  FS  T1  arthrogram. 
(f)  A smaller  antmrsuperior  paralabral  cyst  with  a thin  neck  (arrow)  associated  widi  a SIAP  tear  (not  shown)  on  oblique  sagittal  FS  T2WI. 
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Ffg.2.19  Humeral  avulsion  of  the  glenohumeral  ligament  (HAGL).  (a)  Note  avulsion  of  the  Inferior  glenohumeral  ligament  from  its  humeral 
attachment  (arrow)  with  high  signal  fluid/edema  inferior  to  the  capsule  on  oblique  coronal  fat-suppressed  T2-weighted  imaging  (F5  T2WI)  and  (b)  In  a 
different  patient  on  oblique  coronal  proton  density-weighted  imaging  (PDWI)  (arrow).  Note  high  signal  arthrogram  conbast  inferior  to  the  capsule 
along  the  humeral  shaft,  (c)  A different  patient  with  an  ill-defined  tom  inferior  glenohumeral  ligament  (arrow)  on  oblique  coronal  F5  T2WI  and  (d)  on 
oblique  coronal  PDWI.  (e)  An  axfllaiy  pouch  sprain  on  oblique  coronal  F S T2WI.  Note  ill-defined  and  party  tom  capsule  (arrow)  with  fluid  extending 
Interiorly.  (f ) In  a different  patient  a complete  mid  substance  disruption  of  the  capsule  Is  seen  on  oblique  coronal  F S T1  arthrogram  (arrow),  (g)  A 
posterior  HAGL  (arrow)  on  axial  F S T1  arthrogram  as  a result  of  a posterior  dislocation  with  tearing  of  the  posterior  capsule/glenohumeral  ligament 
Note  high  signal  arthrogram  contiast  outlining  the  tear,  (h)  Additional  example  of  a posterior  capsule  injuiy  with  wavy  tom  fibers  (arrow)  seen  on  axial 
FS  T1  arthrogram. 
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2.3.1  Lesions  Associated  with  Shoulder 
Instability  Suggested  Reading 

[1]  Harish  S,  Nagar  A,  MoroJ,  Pugh  D.  Rebello  R,  O’Neill  J.  Imaging  findings  in 
posterior  instability  of  the  shoulder  Skeletal  Radiol  2008;  37: 693-707 

[2]  Omouml  P,  Telaelra  P.  Learn  vet  F,  Chung  CB.  Glenohumeral  joint  instability.  J 
Magn  Reson  Imaging  2011;  33: 2-16 

[3]  Saleem  AM.  Lee  JK.  Novak  LM.  Usefulness  of  the  abduction  and  external 
rotation  views  in  shoulder  MR  arthrography.  AIR  Am  J Roentgenol  2008;  191: 
1024-1030 

2.4  SLAP  Lesions  and  Biceps 
Tendon  Abnormalities 

• Normal  labral  findings/variants:  sublabral  sulcus  or  recess 

• Normal  labral  findings/variants:  sublabral  foramen/hole 

• Normal  labral  findings/variants:  Buford  complex 


[4]  YuJS,  Ashman  CJ,  Jones  G.  The  POLPSA  lesion:  MR  imaging  findings  with 
arthroscopic  correlation  in  patients  with  posterior  instability.  Skeletal  Radiol 
2002;31:396-399 


• Superior  labrum  anterior  to  posterior  (SLAP)  tear/lesion 

• Long  head  biceps:  tendinosis/partial/complete  tears 

• Biceps  tendon  subluxation/dislocation 


Table  2.4  SLAP  lesions  and  biceps  tendon  abnormalities 


Abnormalities 

MRI  findings 

Comments 

Normal  labral  findings/variants:  sublabral  sulcus 
or  recess 
(i  Fig.  2.20) 

Well  seen  on  magnetic  resonance  (MR)  arthro- 
gram  or  fluid-sensitive  sequences,  a sublabral 
sulcus/recess  is  a high  signal  cleft  at  the 
interface  between  the  superior  labrum  and  the 
glenoid  articular  cartilage.  The  sublabral  sulcus 
will  be  smooth  in  contour  and  will  not  extend 
completely  through  the  Junction  between  the 
labrum  and  articular  cartilage.  The  sulcus  will 
follow  the  contour  of  the  articular  cartilage 
coursing  medially  toward  the  glenoid.  Do  not 
mistake  this  common  finding  for  a superior 
labrum  anterior  to  posterior  (SLAP)  tear  that  is 
imegular  and  extends  laterally  to  involve  the 
labral  substance,  rather  than  medially  along  the 
articular  cartilage. 

The  most  common  labral  variants  to  be  aware  of 
include  the  sublabral  sulcus/recess,  the  sublabral 
foramen/hole,  and  the  Buford  complex.  A 
sublabral  sulcus  will  be  found  between  the 
eleven  and  one  o’clock  positions,  while  the 
sublabral  foramen/hole  and  the  Buford  complex 
will  be  seen  in  the  anterior  quadrant  of  the 
labrum  between  the  one  and  three  o’clock 
positions. 

Normal  labral  findings/vaiiants:  sublabral  fora- 
men/hole 
(i  Fig.  2.21) 

Look  for  the  anterosupeiior  labrum  smoothly 
separated  from  the  adjacent  glenoid  articular 
cartilage  on  axial  FS  T2WI  and  on  axial  FS  T1 
arthrogram.  More  inferioily,  the  labium  will 
reattach  to  the  glenoid  at  the  level  of  the 
"equator"  — the  superior  third  of  the  anterior 
glenoid  near  the  level  of  the  subscapulaiis 
tendon. 

The  sublabral  foramen  will  communicate  with 
the  subscapularis  bursa.  Do  not  confuse  fluid  in 
the  foramen  for  a paralabral  cyst. 

Normal  labial  findings/ variants:  Buford  complex 
(l  Fig.  2.22) 

Cordlike  middle  glenohumeral  ligament  (MGL) 
and  absence  of  the  anterosuperior  labrum. 

The  thickened  MGL  will  be  well  seen  as  a low 
signal,  thick  band  on  axial  and  sagittal  images 
posterior  to  the  subscapularis  tendon  and 
anterior  to  the  labium.  This  finding  is  located  in 
the  anterosuperior  quadrant  superior  to  the 
level  of  the  subscapulaiis  tendon.  Look  for  fluid 
around  the  MGL  on  MR  arthrogram  images. 

To  distinguish  a Buford  complex  from  a sublabral 
foramen,  on  axial  images  look  for  the  MGL  to 
sweep  anteriorly  to  join  the  capsule  on  subse- 
quent inferior  axial  images.  The  sublabral 
foramen  wfll  disappear  on  more  inferior  axial 
images  as  the  labium  fuses  nonually  to  the 
glenoid. 

(continued  on  page  38) 
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Fig. 2. 20  Normal  labral  findings/variants:  sublabral  sulcus/recess.  (a)  Note  an  increased  signal  recess  extending  medially  separating  the  hyaline 
articular  cartilage  of  die  glenoid  from  the  flbrocaitilage  of  die  superior  labium  (arrow),  on  oblique  coronal  fat-suppressed  (FS)  T1  arthrogram. 

(b)  Corresponding  axial  Image  demonstrates  the  sublabral  recess  (arrow)  extending  anteilor  to  posterior  on  axial  FST1  artirogram.  Ibis  should  not  be 
aonfused  with  a superior  labrum  anterior  to  poster  or  (SLAP)  tear,  (c)  Another  patient  demonstrating  a larger  sublabral  recess  (white  arrow)  as  well  as  a 
full  thickness  inserdonal  tear  of  die  supiaspinatus  (black  arrow)  on  oblique  aoronal  FS  12-weighted  imaging  post  artiuography. 
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Fig.  2.21  Normal  labral  variant  sublabral  fora- 
men/hole. (a)  Note  a sublabral  foramen  (arrows) 
separating  the  anterior  labrum  from  die  glenoid 
on  axial  fat-suppressed  T2-weighted  Imaging  (FS 
12 Wl)  and  (b)  on  oblique  sagittal  FS  T1  artiiro- 
gram.  More  inferiorly  die  labium  reattaches  to 
the  glenoid  shown  on  the  oblique  sagittal  Image. 


b 


Fig.  2.22  Normal  labral  variant  Bufoixi  complex, 
(a)  A tiiickened  middle  glenohumeral  ligament 
(arrow)  positioned  anterior  to  the  glenoid  witii 
absenae  of  the  anterosuperlor  labrum  on  axial 
fat-suppressed  (FS)  T1  artiinogram.  (b)  Note  the 
thickened  ccndlike  middle  glenohumeral 
ligament  (MCL)  (arrow)  between  the  superior 
and  Inferior  glenohumeral  ligaments  on 
sagittal  proton  density-weighted  Imaging 
postarthrography. 
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Table  2.4  (Cont.)  SLAP  lesions  and  biceps  tendon  abnormalities 


Abnormalities 

Superior  labrum  anterior  to  posterior  (SLAP) 

tear/lesion 

(►Fig.  2.23) 


MRI  findings 

Common  types:  type  l-fraying/degeneration  of 
the  superior  labrum  demonstrating  increased 
signal  on  proton  density-weighted  imaging 
(PDWI)  and  fat-suppressed  T2-weighted  imag- 
ing (FS  T2WI),  type  II— either  tearing  of  the 
superior  labrum  from  anterior  to  posterior  or 
detachment  of  the  superior  labrum  from  its 
superior  glenoid  attachment  Abnormal  signal 
on  FS  T2WI  or  FS  T1  arthrogram  within  the 
superior  labrum  may  be  seen  in  any  plane,  often 
best  identified  on  coronal  images.  A type  lii 
SLAP  is  a superior  labral  tear  with  a "bucket 
handle”  component  A type  IV  lesion  is  a bucket 
handle  tear  with  involvement  of  the  long  head 
biceps  tendon.  Other  types  of  SLAP  tears 
involve  different  portions  of  the  labrum  and 
surrounding  structures. 


Comments 

SLAP  tears  include  a spectrum  of  labral  abnor- 
malities, with  many  types  described.  A key 
imaging  distinction  is  to  determine  the  condi- 
tion of  the  biceps  tendon  anchor  and  the 
proximal  biceps  tendon.  Look  for  abnormal 
signal  replacing  the  normally  low  signal  biceps 
anchor  and  proximal  biceps  tendon.  Oblique 
coronal  images  are  useful  to  determine  if  the 
labral  abnormality  is  "degenerative”  (type  I SLAP 
lesion  often  seen  in  older  patients),  a partial-  or 
full-thickness  SLAP  lear,  or  a labral  detachment. 
Increased  signal  due  to  a norma!  sublabral  suicus 
will  extend  medially  and  follow  the  contour  of 
the  glenoid,  well  seen  on  coronal  images.  SLAP 
tears  will  appear  more  irregular  with  abnormal 
signal  extending  laterally  away  from  the  glenoid. 
Labral  detachment  will  demonstrate  abnormal 
fluid  signal  separating  the  labrum  and  glenoid. 

A finding  of  complete  glenolabral  separation 
may  help  distinguish  labral  detachment  from  a 
sublabral  sulcus  where  a degree  of  glenolabral 
attachment  is  maintained. 

(continued  on  page  40) 
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Fig.  2.23  Superior  labium  anterior  to  posterior  (SLAP)  tear/lesion,  (a)  Irregular  linear  zone  of  high  signal  contrast  material  (arrow)  extends  across  the 
superior  labrum  from  anterior  to  posterior,  a SLAP  lesion,  representing  a detachment  of  the  superior  labrum  from  the  glenoid  on  axial  fat-suppressed 
(FS)  T1  aithiogram.  (b)  SLAP  lesion  with  abnormal  increased  signal  extending  into  the  biceps  anchor  (anuw)  on  axial  FS  T1  arthrogram.  (c)  SLAP  tears 
with  abnormal  high  signal  contrast  within  a torn  superior  labium  (arrow)  on  oblique  coronal  FS  T1  arthrogram  and  (d)  In  a different  patient  on  oblique 
coronal  FS  T2-weighted  Imaging  (T2WI)  (arrow),  (e)  More  subtle  SLAP  tear  (arrow)  with  an  adjaeent  paralabral  cyst  (airowhead)  and  an  articular-side 
partialthickness  supraspinatus  tear  on  oblique  coronal  FS  T1  arthrogram.  (f.g)  Extensive  SLAP  tear  involving  the  entire  labrum:  superior,  anterior,  and 
posterior  tears  seen  on  axial  FS  T1  arthrogram  (arrows),  (h)  Superior  and  inferior  components  of  the  tear  are  seen  on  oblique  coronal  FS  T2WI.  Biceps 
anchor  was  also  Involved,  not  shown. 
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Table  2.4  (Cont.)  SLAP  lesions  and  biceps  tendon  abnormalities 


Abnormalities 

MRi  findings 

Comments 

Long  head  biceps:  tendinosis/partial/complete 
teais 

(►  fig.  2.24) 

POWI  and  FS  T2WI  demonstrate  proximal 
abnormal  increased  signal  in  the  biceps  tendon 
with  thickening  or  thinning  if  associated  with 
partial  tear  or  longitudinal  split  tear.  Abnormal 
bleeps  tendon  signal  prorimally  at  the  attach- 
ment on  the  supraglenoid  tubercle/superior 
labium  is  seen  with  some  SLAP  lesions.  Check 
the  rotator  Interval  and  bicipital  groove  for 
abnoimal  signal  or  absent  tendon  on  oblique 
sagittal  and  coronal  Images. 

Proximal  biceps  tendon  abnormalities  are  asso- 
ciated with  supraspinatus  tendon  and  labral 
pathology.  With  a cuff  tear,  the  acromion 
Impinges  upon  tiie  biceps  tendon  resulting  in 
tendinopatiiy  and  tearing.  Complete  biceps 
tears  oocur  commonly  in  the  rotator  interval  or 
more  praximally  near  tiie  supraglenoid  tubercle. 

If  a thinned  biceps  tendon  Is  seen,  it  Is  likely  a 
partial  tear.  Acute  tears  may  also  occur  at  the 
musculotendinous  Junction.  Look  for  an  empty 
bicipital  groove  in  complete  or  redacted  tears. 

Biceps  tendon  subluxation/dislocation 
(►  Fig.  2.25) 

Look  for  an  empty  bicipital  groove  on  axial  and 
coronal  Images  In  cases  of  suspected  biceps 
tendon  dislocation.  The  tendon  may  be  seen 
medial  to  the  humeral  head  in  dislocation.  In 
subluxation,  the  tendon  may  displace  antero- 
medially  relative  to  tiie  bicipital  groove.  Either 
condition  may  be  associated  with  a tear  of  tiie 
subscapularis  tendon.  On  MR  arthrogram. 
assess  for  contrast  extending  along  the  lesser 
tuberosity  as  a sign  of  subscapularis  tear. 

Long  head  biceps  subluxation  and  dislocation 
Implies  a tear  of  the  transverse  humeral 
ligament,  which  helps  to  maintain  the  location 
of  tiie  biceps  tendon.  The  biceps  tendon  may 
also  displace  within  or  anterior/postenor  to  a 
tom  subscapularis  tendon.  Note  partial  subsca- 
pularls  tears  are  more  common  than  complete 
tears.  Subscapularis  tears  are  also  typically 
associated  with  supraspinatus  tears. 

Fig,  2.24  Long  head  biceps  ten  don : tendinosis/tears.  (a.b)  Proximal  biceps  tendinopa  thy  with  increased  intratendinous  signal  on  oblique  sagittal  fat- 
suppressed  12-weighted  imaging  (F5  72WI)  (arrows),  (c)  Tom  proximal  biceps  tendon  with  the  tom  iriegularend  retracted  from  its  anchor  (arrows)  on 
oblique  coronal  proton  density-weighted  Imaging  and  (d)  on  oblique  coronal  F5  T2WI.  (e)  Split  tear  of  die  biceps  tendon  (anow)  within  the  bicipital 
groove  In  a patient  with  iheumatold  arthiitls  on  oblique  coronal  FS  T2WI.  Note  high  signal  pannus  within  the  tendon  spilt,  (f)  Patient  with  a 
known  retracted  tom  biceps  tendon  (not  shown).  Note  an  empty  bidprfcal  groove  (black  arrow)  and  an  associated  anterior  labial  tear  (white  arrow)  on 
anal  FS  T2WI. 
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Fig.  2.25  Biaeps  tendon  dislocation,  (a)  An  empty  bicipital  groove  containing  only  debris  (arrow)  should  initiate  a search  for  either  a tom  or  dislocated 
biceps  tendon  on  axial  fat-suppressed  (F5)  T1  artJirogram.  Examples  of  dislocated  biaeps  tendons  In  different  patients,  (b)  Note  Intra^articular  long 
head  biceps  tendon  dislocation  (arrow)  posterior  to  a thinned,  wavy,  partly  tom  subscapularls  tendon  on  axial  FS  T1  arthrogram.  (c)  Biaeps  tendon 
dislocation  (arrow)  into  a delamination  tear  of  the  subscapularis  tendon  on  axial  FS  T2WI.  (d)  Dislocation  of  die  biaeps  tendon  (arrow)  medial  to  the 
humeral  shaft  In  a patient  with  a subscapularls  tendon  tear  on  axial  FS  T1  arthrogram.  (e)  Patient  with  medial  biaeps  tendon  dislocation  (arrow)  on 
oblique  coronal  POW1.  (f)  Note  a similar  case  of  medial  biceps  tendon  dislocation  with  severe  biceps  tendlnopathy  and  medial  angulation  of  the 
proximal  tendon  (arrow)  on  oblique  coronal  PDW). 


2.4.1  SLAP  Lesions  and  Biaeps  Tendon 
Abnormalities  Suggested  Reading 

[ 1 ] Chang  EY,  Flisxar  E,  Chung  CR.  Superior  lahnnvr  anterior  and  posterior  lesions 
and  mkrotnst2hd)|ty.  Magn  Heson  imaging  CWn  N Am  2012;  20: 277-294 

[2]  Modarrosl  S.  Mo&medi  D Jude  CM.  Superior  labial  anteroposterior  lesions  of 
the  shouidec.  I Anatomy  and  anatomic  valiants.  AIR  Am  J Roentgenol  2011; 
197:596-603 

[3]  Modanesl  S,  Mo&medi  D, Jude  CM.  Superior  labral  anteroposterior  lesions  of 
the  shoulder.  II:  Meduntem*  and  dassJBcarlnn.  AJR  Am  J Roentgenol  2011; 
197:604-611 


[4]  Nakataw,  KatouS, Fqjita  A,  NafcataM,  Lefor  AT,  ShgineJ©  H.  Biceps  pulley: 
normal  anatomy  and  associated  lesions  at  MR  arthrography.  RaJiogTaQhlo 
2011;31:791-810 

[5]  Rolnnson  G,  Ho  Y,  Finlay  K,  fHedman  I,  Harish  S.  Narmal  anatomy  and  com- 
mon labial  lesions  at  MR  arthrography  of  the  shoulder.  Gin  Radio]  2006;  61: 
805-821 

[6]  TUfoe  MJ,  Ruikiwski  A,  Enright  T,  Kaplan  L,  Fine  JP,  Qrwin  J.  Width  of  high 
signal  and  extension  posterior  to  Weeps  tendon  as  signs  of  dor  labruro 
anterior  to  posterior  tears  on  MRI  and  MR  arthrography.  AIR  AmJ  Roentgenol 
2005;  185: 1422-1428 
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2.5  Neural  Abnormalities  of 
the  Shoulder 

• Quadrilateral  space  syndrome 

• Parsonage-lkimer  syndrome  (acute  brachial  neuiitis) 

• Entrapment  of  the  suprascapular  nerve 


Table  2.5  Neural  abnormalities  of  the  shoulder 


Abnormalities 

MRI  findings 

Comments 

Quadrilateral  space  syndrome 
(►  Fig.  2.26) 

Fatty  replacement  of  die  teres  minor  muscle 
well  seen  on  sagittal  oblique  T1  or  proton 
density-weighted  Imaging  (PDWI),  typically 
without  acute  musde  edema.  Check  for  a mass 
in  the  quadrilateral  space,  which  is  defined  by 
the  humerus  laterally,  the  long  head  bleeps 
medially,  die  teres  minor  superloily,  and  die 
teres  major  infedoity. 

Etiology  of  the  quadrilateral  space  syndrome  is 
entrapment  or  compression  of  the  axillaiy  nerve 
posteriory.  The  offending  lesion  Is  rarely 
Identified;  however,  fibrous  strands  are  often 
implicated.  Other  causes  include  dissecting 
paralabral  cyst,  mass  (i.e.,  lipoma),  or  fracture. 
Patients  may  present  with  pain,  weakness,  or 
paresthesias. 

Parsonage-Turner  syndiome  (acute  brachial 
neuritis) 

( Fig.  2.27) 

Key  Imaging  finding  Is  abnormal  signal  on  fat- 
suppiessed  T2-weighted  imaging  (FS  T2WI)  or 
short  Tl  inversion  recovery  (STIR)  (fluid-sensitive 
sequences)  Indicating  muscle  edema.  Typically 
this  condition  involves  the  suprasplnatus  and 
infraspinatus  muscles  but  may  involve  the 
deltoid  and  other  musdes.  The  abnormal 
muscle  signal  Is  best  Identified  on  sagittal  fluid- 
sensitive  sequences  where  affected  muscles  can 
be  compared  with  adjacent  normal  muscles. 

Intramuscular  denervation  involving  muscles  of 
tiie  shoulder  girdle.  Etiology  is  unknown,  possi- 
bly viral.  This  painful  disorder  is  not  associated 
with  trauma,  thus  allowing  distinction  from  a 
brachial  plexus  Injury. 

Entrapment  of  the  suprascapular  nerve 

Muscle  edema  implies  an  acute  or  subacute 
process.  Atrophy  witii  fatty  infiltration  implies  a 
chronic  protest.  Signal  changes  of  the  supra- 
spinatus  and  infraspinatus  muscles  imply  proxi- 
mal nerve  entrapment  at  the  level  of  the 
suprascapular  notch.  Isolated  signal  changes  of 
the  Infraspinatus  Imply  distal  nerve  entrapment 
at  the  level  of  the  spinogleooid  notch  poster- 
iorly and  interiorly.  Look  for  possible  offending 
ganglion/paralabral  cyst  as  the  cause  of 
entrapment.  Cyst  will  follow  fluid  signal:  low  on 
T1/PDWI  and  Increased  on  FS  T2WI. 

Patients  present  with  pain  and  muscle  weak- 
ness. Look  for  a paralabral  cyst  and  labral  tear 
associated  with  muscle  findings.  Consider  other 
masses  impressing  on  the  suprascapular  nerve 
or  sequela  of  trauma.  Another  cause  for 
compression  of  the  suprascapular  nerve  Is  tiie 
splnoglenold  ligament.  The  suprascapular  nerve 
is  a branch  of  the  brachial  plexus  (C5-C6); 
therefore  consider  more  pioximal  cervical  spine 
pathology. 

Fig.  2.26  Quadrilateral  space  syndrome,  (a) 
Bands  of  fatty  replacement  (arrows)  representing 
fatty  atrophy  involving  the  teres  minor  muscle 
are  seen  posteriorly  on  oblique  coronal  proton 
density-weighted  Imaging  (PDWI)  and  (b)  on 
oblique  sagittal  POWl  Note  difference  when 
compared  with  surrounding  normal  muscles.  No 
muscle  edema  was  present  on  fluid-sensitive 
sequences. 
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Fig.  2.27  Parsonage-Tumer  syndrome,  (a)  in  this 
patient  with  acute  pain  without  injury,  note 
muscle  edema  of  die  supraspinatus  and  Infra- 
spinatus muscles  (arrows)  indicating  acute  or 
subacute  involvement  of  the  suprascapular  nerve 
on  oblique  sagittal  fat-suppressed  T2-wefghted 
Imaging  (F5  T2W1).  (b)  Comparison  oblique 
sagittal  POW1  demonstrates  subtle  increased 
signal  in  the  muscles,  (c)  Muscle  edema  can  also 
be  seen  on  oblique  coronal  FS  T2WI  (arrow)  and 
(d)  on  axial  F5  T2WI. 


2.5.1  Neural  Abnormalities  of  the 
Shoulder  Suggested  Reading 

[1]  Scalf  R£,  Wenger  DE,  Frick  MA,  Mandrekar  JN.MJdns  MC  MRJ  findings  of  26 
patients  with  Parsonage-Huner  syndrome.  AJR  Am  J Roentgenol  2007;  189: 
VV39-44 

[2]  Sofia  CM,  Lin  J.  Fein  berg  J.  Potter  HG.  Tferw  tnmor  denervation  on 
routine  magnetic  resonance  imaging  of  the  shoulder.  Skeletal  Radiol  2004; 
13:514-516 
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2.6  Osseous  Lesions  and  Arthritis 
of  the  Shoulder 

• Little  Leaguer's  shoulder:  proximal  humeral  epiphyseal 
oveiuse  syndrome 

+ Avascular  necrosis  (AVN)  of  the  humeral  head 

• Fracture  of  the  greater  tuberosity 


• Osteoarthritis/degenerative  joint  disease 

• Rheumatoid  arthritis 

• Synovial  osteochondromatosis 


Table  2.6  (feseous  lesions  and  arthritis  of  the  shoulder 

Abnormalities 

MRI  findings 

Comments 

little  Leaguer's  shoulder:  proximal  humeral 
epiphyseal  overuse  syndrome 
(►  Fig.  2.28) 

A Salter-Hanis  1 fracture  or  epiphysiolysb  of  the 
proximal  humeral  growth  plate,  book  for  wid- 
ening of  the  lateral  humeral  physls  on  radio- 
graphs and  on  eoronal  or  sagittal  magnetic 
resonance  (MR)  images. 

An  injury  most  typically  seen  in  13-  to  16-year- 
okJ  baseball  pitchers  who  undergo  humeral 
lotational  stress  during  throwing.  Lateral 
involvement  of  the  physls  Is  more  common  due 
to  the  thicker  periosteum  of  the  posteromedial 
proximal  humerus. 

Avascular  necrosis  (AVN)  of  the  humeral  head 
(►  Fig.  2.29) 

OnTI-welghted  Imaging  (T1WI)  and  proton 
density-weighted  Imaging  (POWI)  look  for  a 
low  signal  seiplglnous  line  In  the  subchondral 
marrow  and  preservation  of  marrow  fat  cen- 
hally.  On  fat-suppiessed  12-weighted  imaging 
(F5  T2WI)  look  for  a low  signal  outer  rim  with  a 
higher  signal  Inner  rlmr  the  "double  line  sign." 
Diffuse  marrow  edema  is  seen  on  flluid-sensitive 
sequences,  in  later  stages,  subchondral  collapse 
will  result  in  a flattened  portion  of  the  humeral 
head  or  interruption  of  the  normal  curvature  of 
the  head.  Cystic  degenerative  change  may  be 
seen  later  in  the  disease. 

Check  for  histoiy  of  predisposing  factors, 
including  steroid  use  and  sldde  cell  disease. 
Although  a humeral  head  fracture  may  appear 
similar  to  AVN  of  the  humeral  head,  these 
usually  occur  in  different  locations.  AVN  often 
involves  the  supeiomedlal  margin  of  the 
humeral  head,  an  uncommon  location  for 
fracture.  Distinguish  AVN  from  tumor  by  the 
preservation  of  marrow  fat  with  AVN,  although 
edema  may  be  superimposed  on  marrow  fat 
With  negative  radiographs,  magnetic  resonance 
imaging  (MRI)  is  a useful  test  to  detect  early 
AVN,  which  will  present  as  marrow  edema. 

(continued  on  page  46) 
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Fig.  2.28  little  leaguer's  shoulder,  (a)  Note 
widening  of  the  lateral  humeral  physls  on 
anteroposterior  radiograph  and  (b)  correspond- 
Ing  edema  along  the  lateral  physcal  maigin 
(arrow)  on  oblique  eoronal  fat-suppressed  T2- 
weighted  imaging. 
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Fig.  2.29  Avascular  necrosis  (AVN)  of  the 
humeral  head,  (a)  A serpiginous  zone  of  low 
signal  (arrow)  in  the  superomedlal  margin  of  the 
humeral  head  is  seen  in  AVN  on  oblique  sagittal 
proton  density-weighted  imaging  (POW1).  (b) 
There  is  corresponding  marrow  edema  on 
oblique  sagittal  fat-suppressed  T2-welghted 
imaging  (F5  T2WI).  (c)  In  a different  patient  the 
"double  line  sign’  of  AVN  with  a low  signal  outer 
margin  and  an  Increased  signal  Inner  maigln  is 
seen  (arrow)  on  oblique  coronal  F572WI.  (d) 
Note  preserved  marrow  fat  centrally  within  the 
lesion  on  corresponding  oblique  coronal  TOWI. 
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Table  2.6  (Cont)  Osseous  lesions  and  arthritis  of  the  shoulder 


Abnormalities 


MRI  findings 


Comments 


Fracture  of  the  greater  tuberosity 
(►  Fig.  2.30) 


Osteoarthritis/degenerative  joint  disease 
(►Fig.  2.31) 


The  common  imaging  finding  on  MRI  is  marrow 
edema  at  the  greater  tuberosity  on  fluid- 
sensitive  sequences.  Look  for  associated  subtle 
cortical  interruption  and  trabecular  fracture  on 
T1WI  or  PDWI.  Marrow  edema  seen  on  FS  T2WI 
will  outline  the  fracture  site.  Fractures  may  not 
be  displaced  and  often  are  not  easily  visible  on 
radiographs.  There  may  be  only  bone  bruising 
without  fracture  fragment  identification  on  MRI. 

The  main  benefit  of  MRI  in  evaluating  osteo- 
arthiitis  (OA)  is  to  detect  early  cartilage 
degeneration  before  radiographic  findings  aie 
evident.  In  eariy  OA  look  for  cartilage  thinning, 
iriegulaiities,  fissuies,  and  defects  piesenting  as 
incieased  or  fluid  signal  foci  on  FS  T2WI  within 
the  normally  intermediate  signal  cartilage. 
Findings  aie  often  seen  centrally  within  the 
humeral  head  and  along  the  posterior  margin  of 
the  glenoid.  Later  findings  of  OA  include 
osteophytosis,  subchondral  cyst  foimation,  and 
synovial  inflammation  (SI).  Subchondral  cysts 
will  typically  be  marginated  by  a low  signal  rim 
on  PDWI.  Synovitis  typically  presents  as  heter- 
ogeneous increased  SI  material  within  the 
glenohumeral  joint  on  fluid-sensitive  sequences. 


Greater  tuberosity  fractures  are  most  commonly 
seen  secondary  to  direct  trauma  or  following 
anterior  dislocation.  Assess  the  condition  of 
rotator  cuff  tendons  attaching  to  the  greater 
tuberosity  fracture  fragment.  The  Hills-Sachs 
lesion  is  considered  a variant  of  the  greater 
tuberosity  fracture. 


Patients  presenting  with  OA  of  the  shoulder  aie 
typically  older  than  those  patients  presenting 
with  acute  rotator  cuff  tears  and  instability.  It  is 
important  to  differentiate  OA  h orn  septic 
arthritis,  inflammatoiy  arthropathy,  and 
neuropathic  changes. 


(continued  on  page  48) 
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a 


b 
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Fig.  2.30  Fracture  of  the  greater  tuberosity,  (a)  A 
radiographically  occult,  slightly  displaced  acute 
fracture  of  the  greater  tuberosity  following 
tiauma.  Note  the  supraspinatus  tendon  remains 
attached  to  the  fracture  fragment  (arrow)  on 
oblique  coronal  piofcon  density-weighted  Imag- 
ing (POW1).  (b)  There  is  associated  extensive 
marrow  edema  on  oblique  coronal  fat-sup- 
pressed T2-weighted  imaging  (F5  T2WI).  (c)  A 
larger  example  of  a greater  tuberosity  fracture 
with  displacement  of  the  fragment  on  oblique 
coronal  PDWI.  (d)  Because  this  injuiy  was 
subacute,  lesser  marrow  edema  is  found  on 
oblique  coronal  FS  T2WI. 


a 


Fig.  2.31  Osteoarthrltls/degeneratlve  joint  disease,  (a)  Acromioclavicular  joint  degeneration  with  spur/osteophyte  formation  at  the  joint,  capsular 
fibrous  hypertrophy,  and  subchondral  cyst  formation  on  oblique  coronal  proton  density-weighted  imaging  (fDWI).  (b)  An  associated  impression  on 
the  supraspinatus  musculotendinous  junction  (arrow)  is  seen  on  oblique  coronal  fat-suppressed  T2-weighted  imaging  (F5  T2WI).  (c)  More  advanced 
example  of  acromioclavicular  joint  degeneration  with  marked  hypertrophic  changes  and  Impression  on  the  supraspinatus  muscle  (arrow)  on  oblique 
sagittal  PDWI.  (contUfued) 
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Table  2.6  (Cont.)  Osseous  lesions  and  arthritis  of  the  shoulder 

Abnormalities  MRi  findings 

Comments 

Rheumatoid  ardultb 
(►  Fig.  2.32) 


Synovial  osteochondromatosis 
(t^Rg.  2.33) 


Foldings  of  prominent  synovitis,  erosions,  carti- 
lage degeneration  and  loose  bodies  (rice  bodies), 
and  uniform  joint  space  n^ruwing  distinguish  this 
entity  from  the  asteophytods  and  nonunifbnn 
Joint  space  narrowing  seen  with  QA.  OnTIWI  and 
PDW1  hypertrophied  synovium  wil  be  of  low  to 
intermediate  signal.  On12W)  hypertrophied 
synovium  wil  be  of  varied  signal  depencfing  on  the 
degree  of  fibrin,  fibnode  material,  and  hemosid- 
erin. Thickened  synovium  may  demonstrate 
nodular  or  frondlike  enhancement  Look  for 
maiginal  bone  erosions,  joint  ^fusion,  bursal 
•◦I lections,  and  osseous  and  extra-articular  cysts. 
Assess  for  possible  resorption  of  the  distal  dbvide 
and  involvement  of  other  joints. 

Often  recognized  as  multiple  loose  bodieswithin  a 
joint  MR  findings  In  oSteochondromatotis  vaiy 
depending  on  tire  degree  of  osseous  tissue  and 
cartilage  within  the  nodular  lesions.  Urw  signal  is 
dttractBistic  of  calcifications  on  routine  MR 
sequmcES.  Signal  void  may  be  seen  in  densely 
calcified  lesions.  Those  portions  of  tire  lesions 
without  calcification  will  show  low/intermediabe 
signal  onTIWI  and  relatively  increased  signal  on 
T2W1.  Larger  or  more  mature  ossific  fbd  may 
demonstrate  a fatty  marrow  center  and  low  signal 
rim.  Postcontrast  images  demonstrate  peripheral 
or  septal  enhancement 


Rheumatoid  ardirltls  is  a chronic  arthiltic 
disease  with  symmetric  involvement  of 
peripheral  joints.  Joint  destruction  may  oecur  as 
die  disease  progresses.  Consider  other 
Inflammatory  arthropathies. 


Primary  synovial  osteochoncfromatoas  oenrs  witii 
metaplastic  proliferation  of  cartilaginous  and 
osseous  elements  within  tiie  synovial  lining  of 
joints.  The  resulting  osteochondral  nodules  may 
detadi  and  beaome  loose  bodies.  Secondaiy 
synovial  osteochondromatosis  oecurs  In  the  set- 
ting of  arthropathy  such  as  QA  or  trauma.  The 
loose  bodies  are  formed  as  a result  of  avulsion  of 
hyalne  cartilage  fragments.  These  loose  bodies 
Increase  in  size  \Mth  nutrient  supply  from  synovial 
fluid.  Differential  indudes  other  Inflammatory 
arthropathies  including  rheumatoid  arthritis, 
PVNS,  gout,  and  infectfois  arthritis. 


48 


Fig.2  .31  (continued)  (d)  Note  edema  and  flluld  wtthin  and  surrounding  the  acromlodavkular  Joint  on  oblque  sagittal  FS  T2WI.  (e)  Severe  glenohumeral 
osleoaithritiswith  marked  osteophyte  formation,  full-thickness  cartilage  loss  at  the  glenohumeral  joint,  and  sclerosis  on  oblique  coronal  PDWI  and  (f)  on 
•omesponding  oblique  eoronal  FS  T2W1.  (g)  Note  low  signal  loose  body  anterior  to  the  glenohumeral  joint  (amrw)  on  anal  FS  T2WI. 


The  Shoulder 


Fig.  232  Rheumatoid  arthritis,  (a)  Proliferative 
synovium  (pannus)  with  rlae  bodies  and  irregular 
Intermediate  signal  fod  within  the  shoulder  joint 
(arruws)  on  oblique  coronal  fat-suppressed  T2- 
weighted  imaging  (F5  T2WI)  and  (b)  on  oblique 
sagittal  F5  T2WI. 


Fig.  2.33  Synovial  osteochondiomatosis.  (a) 
Note  multiple  rim  caldfied  nodular  foci  of 
varying  size  overlying  die  left  shoulder  joint  on 
anteroposterior  radiograph,  (b)  Variably  sized  fod 
of  low  signal  aorrespond  to  radiographic  finding 
on  oblique  aoronal  proton  density-weighted 
imaging  (PDVM),  (c)  oblique  sagittal  PDWI,  and 
(d)  oblique  sagittal  fat-suppressed  T2- weighted 
imaging. 
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3 The  Elbow 

GaryM.  Hoilenbeig 

3.1  Lesions  of  the  Elbow 
Ligaments 

• Ulnar  collateral  ligament  (UCL)  partial  and  complete  tears 

• Radial  collateral  ligament  (RCL)  complex  tears 


Table  3.1  Lesions  of  the  elbow  ligaments 
Abnormalities 

Ulnar  collateral  ligament  (UCL)  partial  and 
complete  tears 
(>  Fig.  3.1) 


MRI  findings 

Injury  to  the  ulnar  collateral  ligament  Is  best 
seen  on  coronal  magnetic  resonance  (MR) 
images.  MR  imaging  findings  include  edema 
sunounding  and  within  the  UCL,  lack  of  defini- 
tion, and  irregularity  or  discontinuity  of  the 
normally  low  signal  ligament  on  fat-suppressed 
T2-weighted  imaging  (FS  T2WI).  Partial  tears  are 
typically  seen  distally  at  the  ligament  insertion 
on  the  sublime  tubercle  of  the  proximal  ulna. 
Look  for  the  "T"  sign  on  fluid-sensitive 
sequences  or  on  arthrography.  High  signal  fluid 
will  be  seen  wrapping  around  the  sublime 
tubercle  forming  a *T"  between  the  partially 
tom  deep  fibers  of  the  anterior  band  and  the 
tubercle.  Partial  tears  will  spare  the  more 
superficial  UCL  fibers.  Check  for  associated 
sprain  or  partial  tear  of  the  common  flexor 
tendon. 


Comments 

The  anterior  bundle  of  the  UCL  is  the  most 
impoitant  stabilizer  to  valgus  stresses  at  the 
elbow.  The  ligament  demonstrates  a fanlike 
attachment  to  the  medial  epicondyle  proximally, 
and  tapers  distally  to  the  sublime  tubercle.  UCL 
injury  is  often  seen  in  overhead  throwers  due  to 
repetitive  valgus  stress  seen  in  the  late  cocking 
phase  and  early  acceleration  phase  of  pitching. 
Similar  injury  is  also  seen  in  other  overhead 
throwing  activities.  Partial  tears  are  best  diag- 
nosed with  arthrography.  Note  that  there  aie 
also  transverse  and  posterior  bundles  as  part  of 
the  UCL  complex,  but  not  seen  routinely. 


(continued  on  page  54) 
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Fig.  3,1  (a)  A normal  ulnar  collateral  ligament  (UCL)  (anterior  band)  (arrow)  demonstrating  a thin  low  signal  ligament  extending  from  the  medial 
eplcondyletothe  medial  coronold  proaess/subllme  tubeicle  on  coronal  proton  denslty-vrelghted  Imaging  (PDWI),  and  (b)  coronal  fat-suppresced  (FS) 
T1  artiirogram  (arrow).  Mole  die  proximal  ligament  fanning  out  normally  at  its  attachment  (c)  A partial  tearof  the  UCL  with  a "T"  sign  f onned  by  high 
signal  jointflluid  extending  between  the  sublime  tubeicle  and  the  UCL  (arrow)  on  coronal  F$12-weighted  imaging  (T2WI)  post-saline  artinogram,  (d) 
Example  of  a larger  paitlal  tear  of  the  UCL  with  separation  between  the  UCL  and  sublime  tuberde  on  coronal  PDWI  (arrow),  (e)  Note  high  signal  fluid  at 
the  tear  site  (arrow)  and  edema  representing  a musde  strain  In  the  flexor  pionator  group  on  coronal  FS  T2WI.  (f)  A complete  tear  of  the  UCL  (anow) 
with  contrast  material  extending  through  the  tear  and  into  the  flexor  pronator  group  on  FS  T1  artiirogram.  (g)  Complete  UCL  tear  from  the  medial 
epicondyle  with  medial  angulation  of  the  ligament  (arrow)  on  coronal  PDWI.  (h)  Note  extensive  edema  in  the  fllexor  pronator  group  and  bulbous 
appearance  to  the  tom  UCL  on  coronal  FS  T2WI  and  (i)  axial  FS  T2WI  (arrows). 
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Table  3.1  (Cont.)  Lesions  of  the  elbow  ligaments 

Abnormalities  MRI  findings  Comments 


Radial  collateral  ligament  (RCL)  complex  tears 
(►  Fig,  3,2) 


Sprains  of  the  normally  low  signal  radial 
collateral  complex  will  demonstrate  edema 
within  and  surrounding  the  ligament,  which 
may  also  be  of  abnormal  caliber.  With  partial 
tears,  the  ligament  will  demonstrate  an  iiregular 
contour.  Ligament  discontinuity  with  interven- 
ing fluid  will  be  seen  with  complete  tears,  These 
findings  are  best  demonstrated  on  ooronal  FS 
T2WI  or  on  FS  T1  arthrogram.  Most  Injuries  will 
occur  near  die  lateral  eplcondylar  attachment  of 
the  RCL  and  the  lateral  ulnar  collateral  ligament 
(UJa ).  Chedc  for  associated  tears  of  the 
common  extensor  tendon. 


The  most  Important  components  of  the  RCL 
complex  are  die  RCL  proper  and  the  UJQL  The 
RCL  complex  lies  immediately  deep  to  die 
common  extensor  tendon.  Note  that  the  distal 
RCL  attaches  to  die  annular  ligament,  allowing 
fluid  to  nonnally  dissect  between  these  struc- 
tures. The  more  posteriory  positioned  LJUCL  may 
be  seen  coursing  obliquely  across  the  radial 
head  to  Its  Insertion  on  die  proximal  ulna. 

In  Julies  can  occur  due  to  chronic  varus  stress  or 
acute  injuiy  such  as  posterior  dislocation. 
Patents  with  RCL  complex  injuries  are  predis- 
posed to  posterolateral  rotaiy  Instability  of  die 
elbow,  which  can  progress  from  subluxation  to 
dislocation. 


Fig. 3. 2 (a)  A nonnally  tiiln  low  signal  radial  collateral  ligament  (RCL)  proper  (arrow)  Is  seen  deep  to  the  common  extensor  origin  coursing  from  the 
lateral  epkondyle  to  the  annular  ligament  on  coronal  proton  density-weighted  imaging  (POW1).  (b)  A slightly  more  posterior  image  demonstrates  the 
lateral  ulnar  collateral  ligament  (LUCL)  porti  on  of  the  RCL  complex  coursing  horn  the  more  posterior  aspect  of  the  lateral  epkondyle  to  the  lateral  ulna 
(arrows)  on  coronal  TOWI  and  on  (c)  coronal  fat-suppressed  (FS)  T1  arthiogram.  (d)  A partial  tear  of  the  proximal  RCL  (arrow)  with  ligament  thickening 
and  Increased  signal  proximally.  Note  adjacent  tearing  and  tendinopathy  of  the  common  extensor  tendon  on  coronal  POWI.  (e)The  corresponding  FS 
T2^weighted  imaging  (T2W1)  demonstrates  increased  proximal  RCL  signal  and  thidsning  (arrow)  with  associated  muscle  sprain  at  the  common 
extensor  oiigin.  (f)  in  a different  patient,  a laige  partial  tear  of  the  proximal  RCL  (arrow)  with  mild  underlying  marrow  edema  of  the  lateral  epicondyle. 
Waviness  of  the  adjacent  common  extensor  tendon  indkating  partial  tear  on  coronal  FS  T2WI  post-saline  arthiogram.  (continued) 
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Flg.3.2  (oontrmjed)  (g)  Full-thidc- 
n ess  tear  of  the  RCL  and  adjaeent 
partial  tear  of  the  common 
extensor  tendon  (arrow).  Note  the 
lack  of  definition  between  these 
two  structures  on  aoronal  F5 
T2WI.  (h)  Fluid  signal  within  the 
RCL  tear  site  is  seen  on  aorre 
sponding  axial  FS  T2WI  (arrow), 

(li)  Avulsion  of  die  lateral  ulnar 
collateral  ligament  (LUCL)  from  the 
lateral  epicondyle.  Edema  extends 
along  the  thickened  LUCL  (anow). 
Note  overlying  common  extensor 
tendlnopathy  and  muscle  sprain 
on  coional  FS  T2WI,  (j)  Avubion 
with  lateral  displaaement  of  the 
radial  collateral  ligament  (arrow) 
on  coronal  FS  T1  arthrogram. 


3.1.1  Lesions  of  the  Elbow  Ligaments 
Suggested  Reading 

[1]  Sampak)  MI,  Schweitzer  ME.  Elbow  ccsonanrr  imaging  variants 

and  pitfalls.  Mag*  Res  on  imaging  Qin  NAm  2010;  18: 633-642 

[2]  Stein  JM,  Cook  TS,  Siimmam  S,  Kim  W.  Normal  and  variant  anatnmy  of  the 
elbow  on  magnetic  resonance  imaging.  Magn  Beam  imaging  Cl  in  N Am  2011; 
19:909-619 
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3.2  Lesions  of  the  Elbow  Tendons 

• Common  extensor  lendinopathy/lateral  epicondylitis:  “tennis 
elbow” 

• Common  flexor  tendinopathy/medial  epicondylitis:  “pitcher's 
(or  golfer's)  elbow” 

• Biceps  tendinopathy  and  tears 

• Brachialis  muscle  strain/tendinopathy 

• Triceps  tendon  tear 


T able  3.2  Lesions  of  the  elbow  tendons 


Abnormal  Itfo 

Common  extensor 
tendinopathy/lateral 
epicondylitis:  “tennis 
elbow* 

(i  Fig.  3.3) 


MRI  findings 

Increased  signal  within  the  normally  low  signal  common 
extensor  tendon  attachment  on  the  lateral  epicondyle  is 
seen  with  tendinopathy.  Signal  changes  are  visible  on 
routine  sequences  but  are  best  seen  on  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI).  Changes  may  be  seen  on 
coronal,  axial,  and  sagittal  images.  Morphological  changes 
to  the  tendon  include  proximal  thickening  and  blunirig  of 
tendon  fibers  in  cases  of  tendinopathy.  Assess  for  fluid-filled 
gaps  representing  the  site  of  partial  or  complete  tears. 
Chronic  teare  may  not  demonstrate  fluid  due  to  the 
presence  of  intermediate  signal  scar.  Look  for  associated 
tears  of  the  underlying  radial  collateral  ligament  complex. 
Marrow  signal  changes  in  the  underlying  lateral  epicondyle 
are  unusual  in  our  experience. 


Com  menu 

Lateral  epicondylitis  is  the  most  common  cause  of  lateral 
elbow  pain.  This  condition  is  a chronic  tendinopathy  of  the 
extensor/supinator  group  arising  from  the  lateral  epicondyle. 
This  abnoimality  results  fiom  repetitive  microtrauma,  repair, 
and  degeneration  with  scar  and  partial  teaiing.  It  is  seen  with 
chronic  repetitive  varus  stress  on  the  common  extensor 
tendon  most  commonly  involving  the  extensor  caipi  radialis 
brevis  tendon.  Evaluate  for  entrapment  of  the  posterior 
interosseous  nerve  in  patients  with  lateral  elbow  pain  but 
without  common  extensor  tendon  abnonnalities. 


(continued  on  page  58) 
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Fig.3.3  (a)  Partial  tear  of  tlie  normally  low  signal  common  exlensor  tendon  origin  (arrow)  with  increased  signal  noted  at  the  tear  site  on  coronal  fat- 
suppressed  T2-weighted  imaging  (F5  T2WJ),  Note  low  signal  intact  radial  collateial  ligament  (RCL)  deep  to  the  common  extensor  tendon*  (b) 
Corresponding  axial  FS  T2W1  demonstrates  linear  Increased  T2  signal  at  the  tear  site  (arrow),  (c)  On  sagittal  F5  72WI,  linear  high  signal  In  the  common 
extensor  tendon  tear  extends  Into  the  musculotendinous  Junction,  representing  a superimposed  musde  strain  (arrow),  (d)  Partial  tears  of  the  RCL  and 
common  exlensor  tendon  in  a tennis  player  with  lateral  elbow  pain.  High  T2  signal  fluid  surrounds  the  RCL  and  partly  tom  common  exlensor  tendon 
on  coronal  F5  T2WI  post-saline  arthrogram  (arrow).  Note  chondral  wear  and  geode  formation  at  the  radiocapitellar  joint  (e)  The  corresponding 
coronal  proton  density-weighted  Imaging  (POW1)  demonstrates  Intermediate  signal  fluid  surrounding  the  paitly  tom  RCL  and  common  extensor 
tendon  (arrow),  (f)  Complete  tear  of  the  common  exlensor  tendon  with  wavlness  and  retraction  of  fibers  (arrow)  on  coronal  FS  T2WI.  Note  associated 
abnormal  morphology  and  partial  tear  of  tlie  RCL.  (g)  Corresponding  axial  F$  T2WI  demonstrates  edema  at  the  site  of  tear  (arrow),  (h)  Complete  tear 
of  the  common  extensor  tendon  with  lateral  displacement,  and  associated  avulsion  of  the  lateral  ulnar  collateral  ligament  on  coronal  FS  T2WI  (arrow). 
(I)  Coirespondlng  coronal  PDW1  demonstrates  intermediate  signal  fluid  betvreen  tlie  tom  tendon  and  ligament  (arrow)  and  tlie  lateral  eplcondyle. 
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Table  3.2  (Cont.)  Lesions  of  the  elbow  tendons 

Abnormalities  MRI  findings  Comments 


Common  flexor 
tendinopathy/medial 
epicondylitis:  "pitcher’s 
(or  golfer’s)  elbow" 
(►Fig.  3.4) 


increased  signal  within  the  normally  low  signal  common 
flexor  lendon  attachment  on  the  medial  epicondyle.  Signal 
changes  are  visible  on  routine  sequences  but  are  best  seen 
on  FS  T2WI.  Tendinopathy  will  demonstrate  abnormal 
intermediate  signal  on  FS  T2WI,  commonly  seen  with 
tendon  thickening,  although  thinning  may  be  seen  in  other 
cases.  With  partial  and  complete  tears,  fluid  signal  will  be 
identified  at  the  tear  site.  There  may  be  adjacent  muscle 
edema  in  the  flexor  pronator  group,  which  coalesces  to  form 
the  common  flexor  tendon.  Look  for  associated  tears  of  the 
u Inar  collateral  ligament  (UCL)  complex  and  ulnar  nerve 
abnormalities. 


Medial  epicondylitis  (also  known  as  "medial  tennis  elbow")  is 
the  result  of  repetitive  valgus  stress  resulting  in  tendinop- 
athy of  the  flexor  pronator  group.  The  pronator  teres  and 
flexor  carpi  radialis  are  usually  the  involved  muscles. 
Tendinopathy  and  tears  of  the  common  flexor  tendon  are 
associated  with  UCL  injuries  and  ulnar  neuritis.  Note  the 
importance  of  true  coronal  images  bisecting  the  epicondyles 
to  adequately  profile  the  common  flexor  and  extensor 
tendons  and  collateral  ligaments. 


(continued  on  page  60) 
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Fig.  3.4  (a)  Strain  of  the  flexor  pronator  group  and  common  flexor  tendlnopathy  in  a patient  with  medial  elbow  pain.  Note  increased  signal  muscle 
edema  in  the  flexor  pronator  group  on  coronal  fat-suppressed  T2-we*ghted  imaging  (FS  TOM)  (arrow),  (b)  Corresponding  sagittal  FS  T2WI 
demonstrates  feathery  appearance  of  musde  edema  extending  to  die  fleior  pronator  origin  on  the  medial  epleondyle  (arrow),  (c)  Muscle  edema  is 
noted  adjaeent  to  die  Intact  ulnar  eollateral  ligament  on  axial  FS  T2WI  (arrow),  (d)  Laige  partial  tear  of  the  normally  low  signal  common  flexor  tendon 
with  tendon  retraction  and  fluid  (arrow)  at  the  tear  site  on  coronal  FS  T7 Wl.  (e)  Note  the  intermediate  signal  retracted  tendon  (arrow)  on  coronal 
proton  density-weighted  imaging  (PDWI).  (f)  On  sagittal  FS  T2WI,  note  high  signal  fluid  at  the  tear  site  and  the  wavy  appearance  of  die  torn  eommon 
flexor  tendon  (arrow),  (g)  Corresponding  sagittal  PDWI  demonstrates  wavy  retracted  tendon  fibers  (arrow)  distal  to  the  intermediate  signal  fluid,  (h) 
Complete  tears  of  die  common  flexor  tendon  and  ulnar  eollateral  ligament  (arrow)  following  posterior  elbow  dislocation.  In  addition,  note  tear  of  the 
Rd  and  partial  tear  of  the  common  extensor  tendon  on  eoronal  TOWI.  (I)  Extensive  soft  tissue  edema  Is  seen  about  the  site  of  die  tom  common  flexor 
tendon  and  flexor  pronator  muscles  (arrow).  Also  note  high  signal  edema  due  to  tearing  of  the  lateral  structures  on  eoronal  FS  T2WI. 
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Table  3.2  (Cont.)  Lesions  of  the  elbow  tendons 

Abnormalities 

MRI  findings 

Comments 

Biceps  tendinopathy 
and  tears 
(►Fig.  3.5) 

Abnormal  signal  within  the  distal  biceps  tendon  is  best  seen 
on  axial  images  obtained  to  include  the  radial  tuberosity. 
Tendinopathy  and  partial  tears  may  appear  similar  with 
increased  signal  within  the  distal  tendon  on  routine  proton 
density-weighted  imaging  (PDWI)  and  FS  T2WI.  Partial  tears 
may  be  distinguished  by  the  presence  of  fluid  signal  within  a 
thinned  distal  tendon.  The  partly  tom  fibers  maybe  bulbous 
and  retracted.  Bicipitoradial  bursitis,  radial  tubercle  marrow 
edema,  or  edematous  changes  in  more  proximal  soft  tissues 
may  help  confirm  a partial  tear.  Complete  tears  are  easier  to 
detect  by  the  absence  of  an  intact  tendon  along  its  expected 
course.  More  proximal  images  in  the  axial  and  sagittal  plane 
will  help  determine  the  size  of  the  tendon  gap.  The  proximal 
biceps  tendon  will  often  be  thickened,  wavy,  or  bulbous  in 
appearance.  Edema  in  the  antecubital  fossa  often  sur- 
rounding the  tom  proximal  end  is  well  seen  on  FS  T2WI. 

The  biceps  muscle  is  positioned  superficial  to  the  brachialis 
muscle.  A single  tendon  is  usually  seen  extending  to  the 
radial  tubercle;  however,  a b'rfid  tendon  can  be  seen.  Most 
biceps  tendon  ruptures  are  complete  and  occur  with  a single 
traumatic  event  involving  forced  extension  from  a flexed 
elbow.  The  bicipital  aponeurosis  (lacertus  fibrosus)  arises 
from  the  distal  biceps  muscle  and  courses  medially.  The 
aponeurosis  serves  to  maintain  the  location  of  the  normal 
biceps  tendon  and  may  prevent  retraction  of  a completely 
tom  tendon  and  mask  the  diagnosis  on  exam.  Magnetic 
resonance  imaging  (MRI)  is  useful  in  the  diagnosis  of  tendon 
rupture  because  it  allows  for  surgical  planning.  With 
suspected  biceps  tears,  be  sure  to  exbend  imaging  proximally 
to  allow  identification  of  the  tom  tendon  end  or  to  visualize 
injury  to  the  musculotendinous  junction.  Sagittal  images  will 
often  demonstrate  the  retracted  tom  tendon. 

(continued  on  page  62) 
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Fig. 3.5  (a)  Biceps  tendinopathy  with  increased  signal  within  the  normally  low  signal  biceps  tendon  (arrow)  is  seen  at  the  attachment  on  the  radial 
tuberosity  on  axial  pioton  density-weighted  imaging  (PDWI).  (b)  Corresponding  axial  fat-suppressed  T2-weighted  imaging  (F5  T2WI)  demonstrating 
increased  tendon  signal  and  a small  amount  of  fluid  signal  within  the  bklptoradlal  bursa  (auow)  between  the  tendon  and  radial  tuberosity,  (c)  in  a 
different  patient  biceps  tendinopathy  and  partial  tearing  of  the  distal  biceps  tendon  (arrow)  with  increased  T2  signal  and  a lobulated  tendon  contour 
on  anal  FS  T2WI.  (d)  A more  severe  example  of  a distal  tendon  paitial  tear  with  a thinned  intact  distal  tendon  remnant  There  is  enlargement,  a 
bulbous  appearance,  and  retraction  of  the  partly  tom  tendon  (arrow)  on  axial  F5  T2WI.  (e)  Distal  biceps  tendon  tear  with  retraction  from  the  radial 
tuberosity.  Note  wavy  retracted  tendon  (arrow)  on  sagittal  PDWI.  (f)  Corresponding  sagittal  F5  72WI  demonstrates  the  tom  retracted  tendon  (arrow) 
surrounded  by  high  signal  fluid/hemorrhage,  (g)  A high  signal  fluid-filled  gap  (arrow)  is  seen  in  a different  patient  at  the  expected  location  of  a tom 
and  retracted  biceps  tendon  on  axial  F5T2WI.(h)  Additional  example  of  a tom  and  retracted  biceps  tendon  with  the  tom  and  retracted  thickened  end 
demonstrating  a bulbous  appearance  (arrows)  on  sagittal  FS  T2WI  and  (I)  axial  FS  T2WI.  (j)  Note  the  serpiginous  appearance  of  a tom  and  retracted 
biceps  tendon  (aivuw)  In  a different  patient  on  axial  PDWI. 
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Table  3.2  (Cont.)  Lesions  of  the  elbow  tendons 


Abnormalities 

MRI  findings 

Comments 

BrachialTs  muscle 
s t rain/ tendinopa  thy 
(►Fig.  3.6) 

Look  for  muscle  edema  visible  on  FS  T2WI  with  brachialis 
muscle  strains.  Flematomas  will  be  of  variable  signal  on  T1 
and  PDWI  depending  on  age.  but  are  often  of  increased 
signal  on  FS  T2WI.  increased  tendon  signal  on  both  PDWI 
and  FS  T2WI  indicates  tendinopathy. 

The  brachialis  muscle  lies  deep  to  the  biceps  muscle.  The 
brachialis  tendon  can  be  followed  to  its  attachment  on  the 
coronoid  process  and  ulnar  tuberosity.  Brachialis  tendon 
injuries  are  seen  with  activi  ties  such  as  climbing  and  multiple 
pull-ups.  in  patientswith  anterior  elbow  pain,  check  both  the 
biceps  and  the  brachialis  tendon  attachments. 

(continued  on  page  64) 
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Fig.3.6  (a)  Musde  strain  at  the  musculotendinous  junction  of  the  brachialis  with  focally  increased  signal  surrounding  die  tendon  (arrow)  and 


surrounding  edema  within  tiie  muscle  on  axial  fat-suppressed  T2-welghted  imaging  (FS  T2WI),  (b)  Muscle  strain  at  the  musculotendinous  junction  of 
the  brachialis  with  focally  Increased  signal  surrounding  the  tendon  (anuw)  and  surrounding  edema  within  tiie  musde  on  sagittal  FS  T2W1.  (c)  Example 
of  a brachialis  hematoma  following  acute  injury.  Note  intermediate  signal  musde  hematoma  (asterisk)  on  sagittal  proton  density^iveighted  imaging 
(PDWI).  (d)  On  sagittal  F5  T2WI  the  high  signal  hematoma  (astwisk)  is  seen  along  with  edema  extending  distal ly  toward  tiie  ulnar  insertion  of  tiie 
bradiialis  tendon,  (e)  Corresponding  axial  FS  T2WI  demonstrates  an  intact  biceps  muscle  and  tendon  anterior  to  tiie  brachialis  hematoma  (asterisk). 
Note  high  signal  joint  effusion  more  posteriory. 
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Table  3.2  (Cont.)  Lesions  of  the  elbow  tendons 


Abnormalities 

MRIfindings 

Comments 

Triceps  tendon  tsar 

0*  Fig.  3.7) 

Triceps  tendlnopathy  will  demonsbate  Inasased  signal 
witiiin  the  abnormal  portion  of  tendon  with  associated 
tendon  thickening.  Partial  or  complete  rupture  of  the  biceps 
tendon  from  its  Insertion  on  the  olecranon  will  demonsbate 
Increased  signal  on  POWI  and  FS  T2WI.  Axial  and  sagittal 
images  are  most  useful  in  diagnosis.  Sagittal  images  best 
demonsb  ate  die  degree  of  redaction.  A variable  fluid-filled 
gap  may  be  seen  best  on  FS  72WI  depending  on  the  size  of 
tiie  tear.  Bony  avulsion  fragments  or  calcifications  related  to 
tendlnopathy  may  also  be  seen.  Look  for  associated  fluid  In 
tiie  overlying  olecranon  bursa  reflecting  olecranon  bursitis. 

A normal  triceps  tendon  demonstrates  a distally  striated 
appearance.  Injury  to  the  biceps  tendon  may  occur  due  to 
direct  trauma  or  deceleration  stress  on  a contracted  muscle. 
MR  Is  useful  to  distinguish  tendlnopathy  from  tears  and  to 
assess  the  degree  of  tendon  retraction.  Common  differential 
considerations  include  a muscle  hematoma,  olecranon 
fracture,  olecranon  bursitis,  or  mass. 

Rg.3.7  (a)  N ole  a normal  low  signal  distal  triceps  tendon  inserting  distally  on  the  olecranon  (arrow)  on  sagittal  proton  density-weighted  imaging 
(PDWI).  (b)  Paitial  tear  of  the  distal  bleeps  tendon  (arrow)  with  intermediate  signal  witiiin  the  more  proximal  remaining  intact  fibers  representing 
superimposed  tendlnopathy  on  sagittal  PDWI.  (c)  Corresponding  sagittal  fat-suppressed  72-welghted  imaging  (F5  T2WI)  demonstrates  a few  Intact 
distal  triceps  tendon  fibers  (arrow)  and  surrounding  edema  at  die  olecranon.  Note  low  signal  calcifications  more  prcodmally  indicative  of  chronic 
underlying  tendinopathy.  (d)  Axial  F S T2WI  demonstrates  high  signal  edema  of  the  more  proximal  musculotendinous  junction  strain  (asterisk),  (e) 
Another  example  of  a partial  triceps  tendon  tear  with  retraction  of  die  tom  posterior  tendon  fibers  (arrow).  Note  high  signal  fluid  ii  the  olecranon 
bursa  more  distally  on  sagittal  FS  T2WI,  (f)  Complete  tsar  and  redaction  of  the  trleeps  tendon  including  a low  signal  ossiflc  fiagment  (aivuw)  from  the 
olecranon.  Note  extensive  olecranon  marrow  edema  on  sagittal  FS  T2WI.  (continued) 
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Fig.  3.7  (cwrtww/ed)  (g)  Corresponding  sagittal  PDWI  demonstrates  thickening  and  abnonnally  increased  signal  of  the  retracted  tendon  (arrow)  a swell 
as  the  low  signal  cortical  fragment  (h)  Example  of  a aomplete  trineps  tendon  tear  with  a greater  degree  of  tendon  retraction  (white  arrow),  and 
intermediate  signal  olecranon  bursa  fluid  more  dlstally  (black  airow)  on  sagittal  POWI.  (I)  Extensive  hematoma  In  a different  patient  due  to  an  acute 
triceps  tendon  avulsion  with  a heterogeneous  hematoma  and  marrow  edema  at  the  olecranon.  Praxlmally  retracted  tendon  Is  seen  (arrow)  on  sagittal 
F5T2WI. 


3.2.1  Lesions  of  the  Elbow  Tendons 
Suggested  Reading 

[1]  Getentanl  C Pasture  D,  wangwinyuvirat  m,  et  al.  Triceps  brachii  tendon: 
anatocnic-MR  imaging  study  In  cadavers  with  histologic  amelatian.  Skeletal 
Radiol  2009;  38: 171-175 

[2]  Chew  ML  Ghifli*  BM.  Disorders  of  the  distal  biceps  brachi)  tendon. 
Radiographic  2005;  25: 1227-1237 


[3]  OMmB,  erouha  SS,Preoefidteber  M Let  aL  Terminal  hifunzilim  of  the  bleeps 
teacMl  muscle  and  tendon:  anatomic  considerations  and  clinical  Implies 
Hons.  AIR  Am  J ftaUffmfll  200B;  191:  W248-55 

[4]  Hayter  CL  Adler  RS.  Injuries  of  the  elbow  and  the  current  treatment  of 
tendon  disuse.  Al^  Am  J Roentgenol  2012;  199: 546-557 

[5]  Stevens  IQ.  Magnetic  re  sanaiuz  imaging  of  the  elbow.  J Magn  Ream  imaging 
2010:31: 1036-1053 

[6]  Walz  DM,  Newman  j$»  Konln  CP,  Ross  G.  epicondylitis:  pathogenesis.  Imaging, 
and  treatment  €adk>araphtas  2010;  30: 167-184 
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3.3  Bursitis  and  Arthritis  of 
the  Elbow 

• Bidpitoradial  bursitis 

• Olecranon  bursitis 

• Osteoarthritis 

• Rheumatoid  arthritis 


Table  3.3  Bursitis  and  arthritis  of  the  elbow 

Abnormalities 

MRI  findings 

Comments 

Bicipitoiadial  bursitis 
((  Fig.  3.8) 

When  distended  with  fluid,  the  bursa  will  be  low  to 
intennediate  signal  on  axial  T1  -weighted  imaging  (T1WI) 
and  proton  density-weighted  imaging  (PDWI),  and  high 
signal  on  fat-suppressed  T2-weighted  imaging  (FS  T2WI). 
Intermediate  signal  material  within  a distended  bursa 
indicates  hemorrhage,  hypertrophied  synovium,  or  loose 
bodies.  Look  for  associated  biceps  tendinopathy  or  partial 
tear. 

The  bidpitoradial  bursa  separates  the  distal  biceps  tendon 
from  the  anterior  margin  of  the  radial  tubeiosity.  The 
distended  bursa  may  suiround  the  distal  biceps  tendon, 
which  does  not  have  a tiue  tendon  sheath  but  is  coveied  by 
a paratenon.  Look  for  radial  tubeiosity  bony  hypertrophy, 
which  has  been  associated  with  this  condition.  A distended 
bursa  may  be  mistaken  for  an  antecubital  mass.  Use  of 
contrast-enhanced  images  will  help  make  this  distinction  if 
needed. 

(continued  on  page  68) 
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Fig.  3.8  (a)  Small  amount  of  flluld  in  the  bldpltoiadlal  bursa  In  this  patient  with  tendinosis  and  partial  tearing  of  the  distal  biceps  tendon  at  Its 
insertion.  Note  a small  amount  of  high  signal  bursal  fluid  (arrow)  on  axial  fat-suppressed  T2-weighted  imaging  (FS  T2W1),  (b)  There  is  tendon 
irregularity  and  increased  signal  due  to  partial  tearing  and  tendinosis  (amrw)  on  axial  proton  density-weighted  imaging  (PDWI).  (c)  A different  patient 
also  demonstrating  distal  bleeps  tendinosis,  and  a larger  amount  of  fluid  distending  the  blclplto radial  bursa  (anow)  on  axial  FS  T2WL  (d)  A large, 
distended  blclpltoradlal  bursa  adjacent  to  an  Intact  low  signal  bleeps  tendon.  The  fluid  demonstrates  low  signal  on  axial  PDWl,  and  (e)  Increased  signal 
on  axial  FST2WI  (asterisk),  (f)  large  amount  of  fluid  fills  die  bidpikoradial  bursa  and  extends  proximally  along  the  tendon  in  a different  patient  Fluid 
(anow)  sunounds  the  distal  bieeps  tendon  on  sagittal  FS  T2WI.  (g)  Note  the  low  to  intermediate  signal  bursal  fluid  (asterisk)  on  axial  TOWI  and  (h) 
corresponding  high  signal  fluid  (asterisk)  on  axial  FS  T2WL  (i)  Because  die  bursa  is  a synovial  lined  sac,  a thin  rim  of  conbast  enhancement  (anow)  is 
seen  peripherally  on  gadolinium  (Gd)-contiast  enhanced  axial  FS  T1WI. 
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Table  3.3  (Cont.)  Bursitis  and  arthiltis  of  the  elbow 


Abnormalities 

MRI  findings  Comments 

Olecranon  bursitis 
(i  Fig.  3.9) 

On  magnetic  resonance  imaging  (MRI)  look  for  a fluid  signal  The  olecranon  bursa  overlies  the  olecranon  process  of  the 
collection  in  the  bursa  between  the  skin  and  triceps  tendon  ulna  superficial  to  the  insertion  of  the  triceps  lendon. 
and  olecranon  posteriorly.  Bursal  fluid  will  demonstrate  low  Normally  the  bursa  is  not  distended  and  therefore  not  seen 
to  intermediate  signal  on  T1  -weighted  imaging  (T1WI)  and  on  magnetic  resonance  imaging  (MRI).  Inflammation  of  the 

proton  density-weighted  imaging  (PDWI),  and  increased  olecranon  bursa,  leading  to  bursitis,  may  be  seen  with  causes 

signal  on  fat-suppressed  T2-weighted  imaging  (FS  T2WI).  including  trauma,  gout,  or  infection.  Look  for  associated 

Postcontrast  imaging  demonstrates  a thin  lim  of  synovial  triceps  tendon  injuries, 

enhancement,  which  may  be  seen  along  the  periphery  of 
the  bursa.  If  bursitis  is  complicated  by  hemorrhage  or 
infection,  fluid/debris  will  be  of  mixed  signal. 

(continued  on  page  70) 
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Fig.  3.9  (a)  Patient  with  painful  swelling  over  the  olecranon.  Intermediate  signal  fluid  (arrow)  is  seen  within  the  olecranon  bursa  adjacent  to  an  intact 
triceps  tendon  on  sagittal  proton  density-weighted  imaging  (POWi).  (b)  Fluid  within  the  bursa  (arrow)  Is  of  high  signal  with  a peripheral  thickened, 
low  signal,  synovial  lining  (arrows)  on  corresponding  sagittal  fat-supprexed  T2-weSghted  Imaging  (F5  T2WI)  and  (c)  axial  F5  T2WL  (d)  Differential 
considerations  include  an  olecranon  bone  bruise  (arrows)  as  seen  on  sagittal  F5  T2WI  and  (e)  coronal  FS  T2WI 
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Table  3.3  (Cont.)  Bursitis  and  arthritis  of  the  elbow 

Abnormalities  MRI  findings  Comments 


Osteoarthritis 
(►Fig.  3.10) 


As  with  osteoarthritis  in  other  joints,  typical  findings  include 
osteophytes,  cartilage  thinning  with  joint  space  narrowing, 
subchondral  low  signal/sclerosis,  and  subchondral  cysts  well 
seen  on  T1  Wl  or  PDWI.  Loose  bodies  typically  will  follow 
marrow  signal  on  PDWI  and  F5  T2WI  and  will  demonstrate  a 
low  signal  calcified/ossified  rim,  which  distinguishes  them 
from  lobules  of  fat.  Joint  effusions  will  follow  fluid  signal; 
high  signal  on  FS  T2WI  and  lower  signal  on  PDWI  and  T1WI. 


Be  sure  to  always  check  radiographs  and  clinical  history 
before  interpreting  MRIs.  Osteoarthritis  may  be  primary,  due 
to  repeated  episodes  of  microtrauma  with  involvement  of 
multiple  regions  of  the  elbow  joint.  Secondary  osteoarthritis 
is  seen  after  an  episode  of  significant  trauma  or  due  to  other 
underlying  arthropathy,  and  usually  involves  only  a portion 
of  the  joint.  Synovitis  may  be  seen  in  osteoarthritis  and  with 
inflammatory  arthropathy.  Loose  bodies  may  impinge  upon 
and  restrict  flexion  and  extension  of  the  elbow,  resulting  in 
symptoms  of  locking.  Also  consider  inflammatoiy  arthropa- 
thy (rheumatoid  arthritis  [RA])  and  crystal  arthropathy  (gout 
and  calcium  pyrophosphate  dihydrate  [CPPD]  crystal 
arthropathy)  in  the  differential  diagnosis. 

(continued  on  page  72) 
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Fig.  3,10  (a)  Osteoarthirtic  changes  about  the  ulnohumeral  Joint  with  osteophyte  formation  (arrows)  along  the  anterior  margin  of  the  distal  humerus 
and  at  the  coronold  process  of  the  ulna  on  sagittal  pioton  density-weighted  Imaging  (PDWI)  arthnogram.  (b)  Note  low  signal  air  bubble  (arrow) 
anterfoity  within  the  elbow  Joint  on  axfal  fat-suppressed  (FS)  T1  arthrogram.  This  should  not  be  confused  wfth  a loose  body,  (c)  Comparison  case  of  a 
true  loose  body  (arrow)  posterior  to  the  radiocapifcellar  Joint  demonstrating  a low  signal  rim  and  central  manuw  fat  signal  on  sagittal  PDWI.  (d)  Note 
the  loose  body  follows  marrow  signal  (arrow)  on  corresponding  sagittal  FS  T2-weighted  imaging  (r2WI).  (e)  Case  of  severe  posttraumatic 
osteoarthritis  with  extensive  osteophyte  foimatlon,  remodeling,  and  Joint  space  narrowing  on  lateral  elbow  radiograph,  (f)  Corresponding  sagittal 
PDWI  demonstrates  extensive  osteophytosis,  (g)  Degenerative  subchondral  foci  of  low  signal  (arrows),  osteophytes,  and  joint  space  nairawing  are 
seen  on  coional  PDWI.  (h)  Corresponding  coronal  FS  T2WI  demonstrates  joint  space  narrowing  with  chondral  thinning,  and  subchondral  foci  of 
increased  signal  representing  small  geodes  (arTuws). 


71 


TheElbow 


Table  3.3  (Cont.)  Bursitis  and  arthritis  of  the  elbow 


Abnormalities 

MRifindings 

Comments 

Rheumatoid  arthritis 
(RA) 

(►Fig.  3.11) 

took  for  hypertr  ophied  synovlum/pannus,  which  may  have  a 
varied  appearance  including  diffuse,  nodular,  and  villous. 

This  is  usually  seen  associated  with  varying  amounts  of  joint 
fluid.  On  routine  MR  sequences  look  for  complex  joint  fluid 
as  a clue  to  the  presence  of  synovitis.  Synovitis  demonstrates 
varying  signal  intensity;  low  to  intermediate  on  T1  Wl  and 
POWI  and  low  to  intermediate  to  higher  signal  on  F$  12WI. 
Postcontrast  Imaging  is  helpful  to  differentiate  enhancing 
synovlum/pannus  from  joint  fluid. 

Subchondral  edema  and  maiglnal  erosions  are  seen  with  RA. 
The  presence  of  enhancing  synovium  alone  is  not  diagnostic 
of  RA,  and  dinkal  criteria  must  be  met  for  diagnosis.  Usual 
RA  Involvement  is  seen  about  the  smaller  jolnts-hands  and 
wrists.  Note  MRI  may  be  useful  for  monitoring  therapy. 

Rg.3.11  (a)  Patient  with  known  iheumatold 
arthritis  (RA)  demonstrates  heterogeneous 
synovial  proliferation  (asterisk)  about  the  distal 
humerus  and  ulnohumeral  joint  on  sagittal 
proton  density-weighted  imaging  (TOWI). 

(b)  Corresponding  heterogeneous  high  signal  of 
die  pannus  (asterisk)  is  appreciated  on  sagittal 
fat-suppressed  12-weighted  imaging  (F5  T2W1), 
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Fig. 3.11  {continued)  (c)  Corresponding  heterogeneous  high  signal  of  the  pamus  (asterisk)  is  appreciated  on  axial  FS  T2WI.  (d)  More  extensive 
synovial  proliferation  In  a different  case  of  RA.  On  sagittal  FS  T2WI,  note  extensive  heterogeneous  increased  signal  pannus  (asterisk),  (e)  Pannus 
herniates  beyond  the  Joint  dlstally  Into  the  extensor  carpi  ulnaris  (BQJ)r  resulting  in  a soft  tissue  'mass*  posteriorly  (asterisk).  Note  Joint  space 
narrowing  at  the  radiocapitellar  joint  and  erosion  of  the  doi'sal  margin  of  the  radial  head  (arrow)  on  sagittal  FS  T2WI.  (f)  Corresponding  axial  FS  T2WI 
demonstrates  the  frond  like  synovial  proliferation  (arrow)  about  the  proximal  radius  with  surrounding  joint  fluid.  Note  herniation  of  die  pannus 
extending  posteriorly  (asterisk),  (g)  Additional  case  of  RA  demonstrating  the  ability  of  Gd-contrast  to  distinguish  between  a complex  joint  effusion  and 
synovitis.  On  axial  FS  T2Wlr  it  is  difficult  to  distinguish  synovial  hypertrophy  from  joint  fluid,  (h)  Gd-eontrast  enhanced  axial  FS  T1WI  demonstrates 
enhancing  synovium  (arrows).  Thb  surrounds  a curved  band  of  low  signal  joint  fluid  posterior  to  the  humerus. 


3.3.1  Bursitis  and  Arthritis  of  the  Elbow 
Suggested  Reading 

[1]  Pcttcavagr  JM*  Ha  AS,  Chew  FS.  Radiologic  review  of  total  elbow,  radial  head, 
and  capiteliar  cesuxfedag  arthroplasty.  Radiograph!**  2012;  32: 129-149 

[2]  Rosas  HG.TUteMJ.  me  current  state  of  Imaging  the  articular  carriage  of  the 
upper  extremity.  Magn  Reson  Imaging  Gin  N Am  2011;  19: 407-423 
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3.4  Elbow  Trauma 

• Osteochondral  lesions  of  the  capilellum 

• little  Leaguer's  elbow 

• Olecranon  fracture 


Table  3.4  Elbow  taauma 


Abnormalities  MRS  findings 


Comments 


Osteochondral  lesions 
of  die  capilellum 
(►  Fig,  3.12) 


Osteochondral  lesions  typically  occur  along  die  anterior 
margin  of  the  capltellum  well  seen  on  sagittal  sequences, 
including  Tl- weighted  imaging  (T1W1),  proton  density^ 
weighted  imaging  (POWi),  and  fat-suppressed  T2 -weighted 
imaging  (FS  T2W1),  The  osteochondral  fragment  may 
demonsb  ate  low  signal  on  T1WI  or  POWI  and  Increased 
signal  on  FS  T2WI.  Fragment  signal  is  variable,  however, 
depending  on  the  degree  of  sclerosis.  Unstable  lesions  are 
often  laiger  and  demonstrate  a fluid  signal  rim  surrounding 
die  fragment  or  cystic  foci  within  the  adjacent  capltellum. 
Assess  overlying  cartilage  for  continuity.  Stable  lesions 
demonsb  ate  intact  oveilying  caitilage.  look  for  fragmenta- 
tion and  chondral  discontinuity  with  unstable  lesions. 
Variable  signal  loose  bodies  may  be  found  adjaaent  to  the 
olecranon  and  coronold  fossae.  Tire  presence  of  a Joint 
effusion  or  the  use  of  magnetic  resonance  (MR)  arthrog- 
raphy is  helpful  for  identifying  loose  bodies  and  evaluating 
lesion  stability.  Imaging  may  demonstrate  residual  capitellar 
irregularity  following  healing.  Always  correlate  the  MR 
findings  with  radiographs. 


Tills  condition  Is  believed  to  oacurdueto  chronic  Impaction 
at  the  radlocapltellar  joint  and  a relatively  poor  blood  supply 
leading  to  osteonecrosis.  Osteochondral  lesions  of  the 
capilellum  are  seen  in  young  atiilebes.  including  throwers 
and  gymnasts  12  to  16  years  of  age.  Differentiate  from 
Panner  disease  seen  In  5-  to  11 -year-old  patients  In  which 
loose  fragments  are  not  seen,  in  Panner  disease  diffuse 
signal  changes  of  the  capitellum  tend  to  resolve  over  time. 
Tlie  pseudodefect  of  the  capltellum  is  a posteriory  located 
normal  inegulairity  of  tire  capitellum  often  well  seen  on 
coronal  TOWI.  This  is  not  associated  with  marrow  edema  or 
loose  fragments. 


(continued  on  page  76) 


Fig. 3.12  (a)  Osteochondrosis  (Panner  disease)  of  the  capilellum  In  an  11 -year-old  male  baseball  pitcher  with  long-standing  elbow  pain.  Note 
subchondral  cystic  change  (anow)  surrounded  by  a sclerotic  margin  on  sagittal  proton  density-weighted  imaging  (PDWI).  (b)  On  fat-suppressed  12- 
weighted  imaging  (FS  T2WI),  the  overlying  cartilage  is  intact  as  is  the  contour  of  the  cortex,  A loose  body  was  not  identified,  (c)  Osteochondral  lesion 
of  the  capitellum  in  a 13-year-old  male  with  a focal  chondral  defect  along  the  anterior  maigin  of  the  capilellum.  Note  fluid  filling  the  gap  at  the  site  of 
tiie  lesion  (anow)  on  sagittal  FS  T2WI,  saline  arthrogram.  (continued) 
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Fig.  3,12  (continued)  (d)  Corresponding  sagittal  ROW)  demonstrates  interruption  of  the  low  signal  aortexand  subtie  flattening  of  die  anterior  aortxal 
maigin  of  the  capltellum  (arrow),  (e)  The  lesion  is  also  seen  on  aoronal  POWl  (anew).  (f ) The  low  signal  loose  osteochondral  fragment  (arrow)  Is  seen 
medially  In  the  aoronold  fossa  on  sagittal  F5  T2W1.  (g)  Osteochondral  lesions  should  not  be  confused  with  the  pseudodefect  of  the  capltellum  seen 
more  posteriorly  in  a different  patient  on  aoronal  FST1  arthiogram.  (h)  Laige  osteochondral  lesion  in  a patient  with  a flluid-filled  gap  (arrow)  and  mild 
capitellar  marrow  edema  on  sagittal  FS  T2WI.  (i)  The  osteochondral  fragment  (arrow)  is  identified  anteriorly  in  the  corunoid  fossa  on  sagittal  FS  T2W1. 
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Table  34  (Cont.)  Elbow  trauma 


Abnormalities 

MRIf  Indin  gs  Comments 

Little  Luguer's  elbow 
(►  Fig.  3.13) 

Variable  degrees  of  medial  epicondyle  avulsion  will  be  seen 
with  separation  of  the  medial  epicondyiar  apophysis  from 
tiie  humerus.  Marrow  edema  on  FS  T2WI  is  typically  seen 
adjaeent  to  the  araa  of  widening.  T1 W1  and  POWl  may  also 
show  tiie  2one  of  separation  and  potential  fragmentation  of 
tiie  apophysis.  Assess  condition  of  the  ulnar  collateral 
ligament  and  flexor/pronator  group. 

An  overuse/valgus  oveHoad  with  repetitive  throwing  motion 
seen  most  commonly  in  5-  to  14-year-old  patients.  This  may 
present  as  tiie  sequela  of  repetitive  injury  or  as  an  acute 
Injuiy.  Edema  In  the  flexor  pronator  group  adjacent  to  tiie 
apophysis  Is  an  associated  finding.  Adolescents  and  adults 
may  also  present  with  medial  epicondyle  avulsions. 

Olecranon  fracture 
(►  Fig.  3.14) 

took  for  abnormal  linear  low  signal  fracture  line  on  T1, 
PDWI,  and  FS  T2WI  traversing  tiie  middle  third  of  the 
olecranon  process  of  the  ulna.  On  FS  T2WI  acute  fractures 
will  demonstrate  olecranon  marrow  edema  surrounding  tiie 
fracture  site.  Fractures  may  be  radiographically  occult,  but 
may  demonstrate  a positive  fat  pad  sign  indicating  an  elbow 
Joint  effusion.  Look  for  associated  fractures  of  the  coronold 
process  of  the  ulna.  Assess  for  triceps  tendon  tear  or 
avulsion  injuiy  at  tiie  olecranon. 

While  radial  head  fractures  are  most  common,  olecranon 
fractures  aecount  for  20%  of  elbow  fractures  In  adults.  A type 

1 Mayo  classification  fracture  of  tiie  olecranon  involves  an 
undisplaeed  fracture,  which  may  be  best  seen  with  magnetic 
resonance  Imaging  (MRI).  Displaced  fractures  (Mayo  types  II 
and  III)  of  the  olecranon  are  more  common.  These  may 
present  as  a stiress  injury  in  throwers.  Although  often  an 
isolated  injuiy,  there  is  a need  to  assess  for  other  elbow 
fractures.  It  is  important  to  distinguish  an  olecranon  fracture 
from  tiie  normal  ossification  center  of  the  olecranon  seen 
more  proodmally  along  the  olecranon.  The  ossification  center 
of  the  olecranon  nonnally  fuses  by  1 6 to  1 8 years  of  age.  Do 
not  mistake  tiie  cortical  notch  of  the  olecranon  for  a 
fracture. 

b 


Flg.3  .13  (a)  Pediatric  baseball  pitcher  with  pain  over  the  medial  epicondyle  demonstrating  widening  of  the  medial  epicondyle  physis  (arrow)  and  a 
small  distal  avulsion  fragment  on  anteroposterior  radiograph  of  the  elbow,  (b)  Corresponding  coronal  fat-suppressed  T2-weighted  imaging  (F5  T2WI) 
demonstrates  incresed  signal  and  widening  of  the  medial  epicondyle  physis  (arrow),  (c)  Sclerosis  and  inegulaiity  are  seen  at  the  apophysis  on  coronal 
proton  density-weighted  Imaging  (PDWI).  (d)  Corresponding  axial  FS  T2WI  demonstrates  die  widened  medial  physis  with  marrow  edema  in  the 
apophysis  (arrow),  (e)  Subchondral  low  signal  reactive  changes  are  noted  in  the  apophysis  (arrow)  on  corresponding  axial  PDWI. 
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Rg.3.14  (a)  low  signal  nondis- 
placed  oblique  fracture  line 
from  the  trochlear  notch  posbe- 
lioily  demonstrates  low  signal 
on  sagittal  pioton  density- 
weighted  imaging  (TOWI).  This 
was  not  visible  on  radiographs, 
(b)  Mole  marrow  edema  aiuund 
die  high  signal  fracture  line  on 
sagittal  fat-suppressed  T2- 
welghted  imaging  (F5  T2WI).  A 
small  joint  effusion  is  noted 
anteiioily.  (c)  Coronal  PDWI 
demonstrates  the  fracture  line 
coursing  obliquely  a cross  the 
olecranon.  (d)  Corresponding 
coronal  FS  T2WI  demonstrates 
die  fracture  line,  marrow 
edema,  and  surrounding  soft 
tissue  edema.  Note  the  utility  of 
different  planes  in  defining  a 
fracture. 


3.4.1  Elbow  Trauma  Suggested  Reading 

[1]  Davis  KW.  imaging  pediatric  sports  Injuries:  upper  extremity.  Radiol  CUn 
North  Am  2010;  48: 1199-1211 

[2]  Hayter  CL  Giufive  BM.  Overuse  and  traumatic  injuries  of  the  Hbuw.  Magn 
Rtwn  Imaging  Clin  N Am  2009;  17:617-638 

[3]  Jaimes  C,  Jimenez  M,  Shahshin  N,  Laor  TJaramillo  D.  Taking  the  stress  out  of 
evaluating  stress  injuries  In  children.  Radlographks  2012;  32:  537-555 
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3.5  Nerve  Abnormalities 
of  the  Elbow 

• Ulnar  neuropathy 

• Anconeus  epitrochlearis 

• Radial  nerve  branch:  posterior  interosseous  nerve  (PIN) 
injury 


Table  3.5  Nerve  abnormalities  of  the  elbow 

Abnormalities 

MRI  findings 

Comments 

Ulnar  neuropathy 
(►Fig.  3.15) 

The  ulnar  nerve  is  normally  located  in  the 
cubital  tunnel  surrounded  by  a retinaculum. 

With  ulnar  neuropathy,  the  nerve  may  demon- 
strate thickening  and  loss  of  definition  on  T1- 
weighted  imaging  (T1WI)  and  proton  density^ 
weighted  imaging  (PDWI).  Edematous  changes 
of  the  nerve  wftl  be  seen  on  fat-suppnessed  12- 
weighted  Imaging  (FS  T2W1).  Look  for  thicken- 
ing of  the  cubital  tunnel  retinaculum  on  T1WI 
and  PDWI  resulting  in  ulnar  nerve  compression. 
An  a«ssory  muscle,  the  anconeus  epltro- 
chleaiis,  may  also  result  In  nerve  compression 
(see  below). 

Other  causes  of  ulnar  nerve  enti  apment/com- 
presslon  at  the  elbow  include  prior  trauma, 
bone  spuis.  ganglia,  or  masses.  Wftii  congenital 
absence  of  the  cubital  retinaculum  the  nerve  is 
more  susceptible  to  subluxation  and  injury. 

Ulnar  neuropathy  may  be  seen  In  patients  with 
medial  epicondylitis  or  ulnar  collateral  ligament 
injury.  Note  that  the  ulnar  nerve  may  be 
compressed  proximal  to  the  cubital  tunnel  at 
tiie  arcade  of  Stiuthers  or  dlstally  as  it  passes 
through  the  heads  of  the  flexor  caipl  ulnarls. 

Anconeus  epitnxhlearis 
(►Fig.  3.16) 

The  anconeus  epitrochlearis  musde  follows 
normal  musde  signal  on  all  sequences:  inter- 
mediate on  T1WI,  POWI,  and  FS  12WI.  The 
muscle  follows  the  expected  course  of  the 
cubital  retinaculum  from  the  medial  olecranon 
to  the  Inferior  portion  of  the  medial  eplcondyle. 
When  pnesent,  this  muscle  replaces  the  cubital 
tunnel  retinaculum  and  can  result  in  compres- 
sion and  abnormally  increased  T2  signal  and 
enlargement  of  tire  ulnar  nerve. 

The  cubital  retinaculum  is  thought  to  be  a 
remnant  of  the  anconeus  epitrochlearis.  When 
tiie  muscle  Is  present  It  fonns  the  roof  of  the 
cubital  tunnel  and  may  result  In  compression  of 
tiie  ulnar  nerve.  Patients  will  pres&it  with  ulnar 
neuritis  If  the  musde  Is  causing  compression. 
Other  causes  of  ulnar  nerve  compression  Indude 
callus  fonnation  following  fractures,  dislocation, 
masses,  and  aitiiritic  processes. 

(continued  on  poge  SO) 


a b L__ c 

Flg.3.15  (a)  Patient  wftii  ulnar  neuritis  and  common  flexor  tendlnopathy  (not  shown)  demonstrates  an  enlaiged  ulnar  nerve  (arrow)  on  axial  proton 
density-weighted  Imaging  (POWI).  (b)  Note  Increased  signal  and  enlargement  of  the  ulnar  nerve  (arruws)  on  corresponding  coronal  fat-suppressed 
T2  weighted  imaging  (FS  T2WI).  (c)  A different  patient  with  an  absent  cubital  retinaculum  leading  to  chronic  anterior  subluxation  and  neuritis  of  the 
ulnar  nerve.  Note  thickening  of  the  subluxed  nerve  (arrow)  on  axial  POWI.  (continued) 
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Fig.  3.1 5 (continued)  (d)  A different  patient  wtth  symptoms  of  ulnar  neuritis.  The  normally  positioned  ulnar  nerve  Is  well  seen  on  sagittal  POW1,  but  in 
(e)  reveals  focal  abnormal  Increased  signal  on  sagittal  FS  T2W1  and  (f)  axial  FS  T2WI  (arrows),  (g)  Postoperative  appearance  of  ulnar  nerve  anterior 
transposition  following  failed  conservative  treatment.  Note  die  anterior  subcutaneous  position  of  the  transposed  nave  (arrow)  on  axial  POWI. 

(h)  Increased  signal  In  the  ulnar  nerve  (arruws)  on  coronal  FS  T2W1  and  (I)  axial  FS  T2WI  may  persist  after  suigery.  and  does  not  necessarily  Imply 
persistent  neuritis  In  die  postoperative  setting. 
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Flg.3  .16  (a)  Axial  proton 
density-weighted  imaging 
(POWI)  and  (b)  axial  fat- 
suppressed  12^weighted  imag- 
ing (FS  T2WI)  demonstrate  die 
anconeus  epttrochlearfs  (an 
accessory  muscle)  following 
normal  muscle  signal.  It  forms 
die  roof  of  die  cubital  tunnel  In 
die  expected  location  of  the 
absent  cubital  retinaculum 
(arrows).  Note  normal  size  and 
signal  of  die  ulnar  nerve  deep  to 
die  muscle  In  tills  asymptomatic 
patient 
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Table  3.5  (Cont.)  Nerve  abnormalities  of  the  elbow 

Abnormalities 

MRI  findings 

Comments 

Radial  nerve  branch:  posterior  Interosseous 
nerve  (PIN)  injury 
► Rg  3.17 

Denervation  musde  edema  following  Injuiy  to 
the  posterior  interosseous  nerve  branch  of  the 
radial  nerve  is  best  seen  on  F5  T2WI  most 
•ommonly  involving  the  extensor  muscles  and 
the  supinator.  If  musde  atrophy  has  oacuned. 
increased  signal  due  to  fatty  replacement  will  be 
seen  onTIWI  or  POWK 

The  PIN  is  a deep  branch  of  the  radial  nerve  that 
may  be  entrapped  at  several  locations,  most 
commonly  at  the  tendinous  origin  of  the 
supinator  muscle  known  as  the  arcade  of  Frohse. 
Injuiy  may  also  oecur  following  distal  biceps 
tendon  repair.  Injury  results  in  a painless  motor 
deficit  involving  several  extensor  musdes. 
Including  the  extensor  carpi  ulnaris,  extensor 
digltorum.  extensor  dlglti  minimi,  extensor 
Indids.  extensor  polllds  longus  and  brevis, 
abductor  pollicis  longus,  and  variably  the  supi- 
nator muscle.  PIN  syndrome  may  be  difficult  to 
distinguish  dlnlcally  from  lateral  epicondylitis. 
These  conditions  may  coexist,  making  magnetic 
resonance  imaging  (MRI)  useful  for  diagnosis. 
Note  a lade  of  sensoiy  abnormalities  with  PIN 
compression. 

Rg.  3.17  (a.  b)  Patient  with 
posterior  interoseous  nerve 
(PIN)  syndrome  with  a surgical 
anchor  In  the  proximal  radius 
and  Increased  T2  signal  at  the 
expected  biceps  tendon  attach- 
ment site  following  biceps  ten- 
don repair.  Note  muscle  edema 
(arrows)  Involving  the  extensor 
and  supinator  musdes  poster- 
iorly on  axial  fat-suppressed  12- 
weighted  imaging  (F5  T2WI)  in 
tills  patient  with  postoperative 
extensor  neuropathy,  (c)  Corre- 
sponding axial  proton  density- 
weighted  imaging  (POWI)  also 
demonstrates  mild  signal 
changes  of  the  extensor 
musdes.  (d)  Extensor  muscle 
edema  (arrow)  is  also  seen  more 
distally  In  the  forearm  on  axial 
FS  T2WI. 
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3.5.1  Nerve  Abnormalities  of  the  Elbow 
Suggested  Reading 

[1]  Kim  SJ,  Hong  SH,  Jun  WS,  et  ah  MR  imaging  mapping  of  skeletal  muscle 
denervation  in  entrapment  and  compressive  neuropathies.  Radiographics 
2011;31:319-332 

|2|  Miller  TT,  Remus  VVR.  Nerve  entrapment  syndromes  of  the  elbow,  forearm, 
and  wrist  AJR  Am  J Roentgenol  2010;  195: 585-594 

[3]  Sookur  PA,  Naraghl  AM,  Bleakney  RR,  Jalan  R,  Chan  O,  White  LM.  Acnessory 
muscles:  anatomy,  symptoms,  and  radiologic  evaluation.  Radiographics 
2008;  28:481-499 

3.6  Suggested  Reading:  The  Elbow 

[1]  Bencardino  Jr,  Beltran  J.  Soft  tissue  injury  to  the  elbow,  in:  Pope  TL,  Bloem 
HI,  Beltran  J,  Morrison  WB,  Wilson  DJ,  eds.  Imaging  of  the  Musculoskeletal 
System.  Philadelphia,  PA:  Saunders;  2008:254-271 


[2]  Blease  S,  Stoller  DW,  Safran  MR,  Li  AE,  Fritz  RC.  The  elbow:  In:  Stoller 
DW,  ed.  Magnetic  Resonance  Imaging  in  Orthopaedics  and  Sports 
Medidne.  3rd  ed.  Baltimore,  MD:  Lippincott  Williams  & Wilkins; 
2007:1463-1626 

[3]  Helms  CA,  Major  NM,  Anderson  MW,  Kaplan  PA,  Dussault  R.  Elbow.  In: 
Musculoskeletal  MR1. 2nd  ed.  Philadelphia,  PA:  Saunders;  2009:224-243 

[4]  Shankman  S,  liu  B.  Acute  osseous  injury  of  the  elbow  and  forearm.  In: 
Pope  TL,  Bloem  HI,  Beltran  J,  Morrison  WB,  Wilson  DJ,  eds.  Imaging  of  the 
Musculoskeletal  System.  Philadelphia,  PA:  Saunders;  2008:241-253 

[5]  Stoller  DW,  Tinnan  PR.  Bredella  MA.  Beltran  S,  Branstetter  RM,  Blease  SCP. 
Elbow.  In:  Diagnostic  Imaging  Orthopaedics.  Vd  2.  Salt  Lake  City,  UT: 
Amirsys;  2004:2-101 

[6]  Yaeoub  E,  Beltran  J,  MillerTT.  Normal  elbow.  In:  PopeTL,  Bloem  HL,  Beltran  J, 
Morrison  WB,  Wilson  DJ,  eds.  Imaging  of  the  Musculoskeletal  System. 
Philadelphia,  PA:  Saunders;  2008:221-240 
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4 TheWrist 

Eric  R Weinberg 

4.1  Triangular  Fibrocartilage 
Complex  Tears 

• Normal  triangular  fibrocartilage  complex  (TFCC) 

• Thinning  and  degeneration  of  the  TFCC  disk 

• Perforation  of  the  TFCC  disk 

• Ulnar-sided  TFCC  tears 


Table  4.1  Triangular  fibrocartilage  eomplex  tears 


Abnormalities 

MRI  findings 

Comments 

Normal  triangular  fibrocartilage  complex  (TFCC) 

( Fig.  4.1) 

The  normal  TFCC  is  low  signal  on  proton 
density-weighted  imaging  (PDWI)  and  fat- 
suppressed  T2-weighted  imaging  (FS  T2WI). 
There  is  normally  heterogeneous  increased 
signal  seen  on  F5  T2WI  in  the  region  between 
the  ulnar  fovea  and  styloid  attachments  of 
the  TFCC. 

The  normal  TFCC  consists  of  a fibrocartilagenous 
disk  combined  with  several  different  ligaments, 
which  together  form  a complex.  The  elements 
of  this  complex  are  not  agreed  upon  by  all 
authors.  Most  authors  include  the  following 
components  in  the  complex;  triangular  fibro- 
cartilage (TFC),  meniscus  homologue,  ulnar 
collateral  ligament,  dorsal  and  volar  radioulnar 
ligaments,  and  sheath  of  the  extensor  carpi 
ulnaris.  There  are  two  ulnar  attachments  of  the 
TFC  disk,  the  ulnar  styloid  tip  and  the  ulnar 
fovea;  there  is  one  radial  attachment,  which 
joins  to  the  cartilage  of  the  distal  radius  at  the 
sigmoid  notch. 

Thinning  and  degeneration  of  the  TFCC  disk 
( Fig.  4.2) 

Degenerative  changes  of  the  TFCC  are  usually 
seen  as  legions  of  increased  signal  intensity  in 
the  TFC  disk.  This  abnormal  increased  signal 
does  not  extend  to  the  articular  surfaces  of  the 
TFC.  Thinning  of  the  disk  is  often  seen  in 
combination  with  disk  degeneration.  These 
findings  are  best  seen  on  coronal  images, 
particularly  T2  intermediate-weighted  fast  spin 
echo  images  with  fat  suppression 

Thinning  and  degeneration  of  the  TFC  disk  are 
often  seen  with  advancing  age  and  may  be 
asymptomatic.  These  findings  can  also  be  seen 
in  the  setting  of  ulnar  positive  variance.  In  this 
case  the  TFC  disk  is  often  thinned,  and  early 
degenerative  changes  in  the  adjacent  distal  ulna 
and  proximal  lunate  can  be  seen.  This  situation 
can  result  in  ulnolunate  impaction  syndrome. 
These  patients  often  do  have  ulnar-sided 
wrist  pain. 

(continued  on  page  86) 
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Flg.4.1  Coronal  proton  denslty-^welghted  Imaging  shows  normal 
tiiangular  fiibnocartilage  complex  (TF0C)  witdi  normal  radial  and  ulnar 
attachments,  llie  radial  attachment  of  die  TFGC  is  to  the  sigmoid 
notch  of  die  distal  radius  (airow),  the  ulnar  attachments  are  to  the 
ulnar  styloid  (arrow)  and  to  the  fovea  of  die  distal  ulna  (arrow). 


Hg.4.2  (a)  Coronal  fat-sup- 
pressed 12-weighted  imaging 
shows  heterogeneous  Increased 
signal  in  die  disk  of  the  trian- 
gular fibrocardlage  (arrow),  (b) 
Coronal  proton  density- 
weighted  imaging  shows  heter- 
ogeneous increased  signal  in  the 
disk  of  the  triangular  fibnocaitl- 
lage  (arrow). 
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Table  4.1  (Cont.)  Triangular  fibrocartilage  aomplex  tears 
Abnormalities  MRI  findings 


Perforation  of  the  TFCC  disk  Perforation  of  the  TFCC  disk  may  be  traumatic 

(►  Fig.  4.3;  ► Fig.  4.4;  ► Fig.  4.5)  or  degenerative.  The  imaging  characteristics  of 

both  types  of  tear  are  similar.  Both  types  of 
tears  may  be  partial  or  full  thickness.  Coronal  F5 
T2WI  typically  reveals  a thin  linear  band  of 
increased  signal  extending  from  one  articular 
surface  to  the  other.  Usually  degenerative  tears 
will  be  more  centrally  located  within  the  TFCC 
disk,  and  traumatic  tears  will  be  nearer  the 
radial  attachment  Partial-thickness  tears  are 
more  difficult  to  see  on  conventional  magnetic 
resonance  imaging  (MRI)  examinations  and  are 
seen  as  linear  high  signal  extending  from  an 
articular  surface  partway  through  the  TFCC  disk. 
Magnetic  resonance  (MR)  arthrography  can 
often  better  define  these  lesions.  On  coronal  FS 
T1 -weighted  imaging  (T1WI)  contrast-laden 
injected  saline  traverses  the  disk  perforation  and 
is  seen  as  a well-defined  linear  band  of  bright 
signal  that  is  isointense  to  other  injected  fluid 
seen  within  the  injected  compartment  of  the 
wrist.  MR  ardirography  is  ideal  for  highlighting 
partial-thickness  tears,  which  are  seen  as  a 
bright  small  focus  of  signal  extending  from  one 
articular  surface  to  partway  through  the  TFCC 
disk.  It  should  be  noted  that  MR  arthrography 
may  not  reveal  all  partial-thickness  tears 
because  usually  only  one  wrist  compartment  is 
injected,  typically  the  radiocarpal  joint.  If  the 
partial-thickness  tear  is  on  the  proximal  surface 
of  the  disk  then  a distal  radioulnar  joint  injection 
would  be  needed. 


Comments 

Degenerative  and  traumatic  perforations  (tears) 
of  the  TFCC  disk  are  difficult  to  distinguish  by 
MRI  criteria  alone.  Degenerative  tear's  are  more 
common  than  traumatic  tears  and  occur  with 
increasing  frequency  as  patient  age  increases. 
Degenerative  tears  are  more  common  in  the 
central  portion  of  the  TFCC  disk  because  this  is 
the  thinnest  part  of  the  disk.  This  type  of  tear 
is  uncommon  before  the  third  decade  of  life. 
Traumatic  tears  are  often  symptomatic,  whereas 
degenerative  tears  may  not  be.  The  ■ombination 
of  tear  location,  patient  history,  symptoms,  and 
age  can  help  determine  if  a tear  is  traumatic  or 
degenerative.  The  location  of  the  tear  will  also 
help  determine  the  treatment  choice.  The  TFCC 
disk  does  not  have  a uniform  blood  supply,  with 
the  central  portion  being  avascular  and  the 
periphery  having  a blood  supply. 


(continued  on  page  88) 
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Fig.  4.3  (a)  Coronal  proton 
density-weighted  imaging 
shorn  a small  perforation  of  the 
triangular  fllbrocartllage  com- 
plex  (CFtC)  near  the  radial 
attachment  (arrow),  (b)  Coronal 
fat-suppressed  T2-welghted 
imaging  from  a magnetic  reso- 
nance arthrogram  shows  a small 
perforation  of  the  TFCC  near  the 
radial  attachment  (arrow). 
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Fig.  44  (a)  Coronal  proton 
density-weighted  Imaging 
shows  a large  tear  of  tile  trian- 
gular flbnocartilage  complex 
(TFCC)  at  the  radial  attachment 
There  is  also  heterogeneous 
joint  effusion  representing  syn- 
ovial hypertrophy.  A large  tear 
of  the  scapholunaie  (SL)  liga- 
ment Is  also  seen,  (b)  Coronal 
fat-suppressed  T2-welghted 
Imaging  (FS  72WI)  shows  a large 
tsar  of  tile  TFCC  at  tile  radial 
attachment.  There  b also  a Joint 
effusion  with  heterogeneous 
signal  fluid  and  debris  repre- 
senting synovial  hypertrophy. 
There  Is  also  a large  tear  of  the 
SL  ligament  and  marrow  edema 
In  the  capitate. 


Fig. 4.5  (a)  Coronal  fat-sup- 
pressed T2-weighted  imaging 
fi  om  a second  patient  shows  a 
large  longitudinal  tear  of  the 
disk  of  the  triangular  flbnocarti- 
lage complex  (IFtC)  (arrow),  (b) 
Coronal  proton  density- 
weighted  imaging  from  the 
same  patient  abo  shows  a large 
longitudinal  tear  of  the  disk  of 
tile  TFCC 
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Table  4.1  (Cont.)  Triangular  fibrocartilage  complex  tears 
Abnormalities  MRI  findings 

Ulnar-sided  TFCC  tears  Ulnar-sided  tears  and  avulsions  are  difficult  to 

(i  Fig.  4.6)  diagnose,  especially  when  there  Is  increased 

fluid  in  the  ulnar  side  of  the  wrist.  On 
conventional  MRI  scans  it  may  not  be  possible  to 
determine  if  there  is  focal  synovitis  or  ulnar- 
sided  tear.  On  coronal  FST2WI  ulnar-sided  tears 
may  appear  as  an  altered  shape  of  the  ulnar 
attachment  of  the  TFC,  increased  fluid,  or 
avulsed  ulnar  attachments,  either  foveal  or 
styloid  or  both.  MR  arthrography  can  be  used  to 
better  define  ulnar-sided  tears.  On  coronal  FS 
T1  Wl  contrast  can  be  seen  to  directly  enter  the 
site  of  tear  even  in  the  presence  of  increased 
ulnar-sided  joint  fluid.  The  joint  fluid  will  be  low 
signal,  whereas  the  contrast  will  be  high  signal 
on  F5  T1WI. 


Comments 

Ulnar-sided  tears  are  diagnosed  less  frequently 
than  central  or  radial-sided  tears.  This  is  likely 
due  to  decreased  incidence  of  these  tears 
combined  with  decreased  detection  of  these 
tears  with  conventional  MRI.  The  anatomy  of  the 
ulnar  side  of  the  TFC  is  complex,  and  its  normal 
appearance  on  MRI  can  lead  to  false-positive 
interpretations.  There  is  normally  fibiovascular 
connective  tissue  seen  between  the  ulnar  and 
foveal  attachments  of  the  TFCC  disk.  This  region 
is  known  as  ligmentum  subcruentum  and  is  high 
in  signal  on  intermediate  fat-saturated  images. 
This  is  not  a tear.  Adding  to  the  difficulty  in 
determining  if  there  is  a tear  is  the  common 
occurrence  of  degenerative  and  inflammatory 
changes  in  and  aiound  the  ulnar  attachments  of 
the  TFCC.  Ulnar-sided  tears  are  often  sympto- 
matic with  significant  ulnar-sided  wrist  pain. 
Patient  history  combined  with  MRI  can  help 
distinguish  between  traumatic  injury  and 
chronic  inflammatory  or  degenerative  changes. 
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Rg.4.6  (a)  Coronal  proton 
density-weighted  imaging 
shows  discontinuity  of  the  ulnar 
styloid  attachment  of  die  trian- 
gular fibrocarb'lage  complex 
(TFCC)  (arrow),  (b)  Coronal  fat- 
suppressed  T2-welghted  Imag- 
ing shows  discontinuity  of  the 
ulnar  styloid  attachment  of  the 
TFCC  and  degenerative  marrow 
edema  with  small  geodes  in  the 
distal  ulna  (arrow). 


4.1 .1  Triangular  Fibrocartilage  Complex 
Tears  Suggested  Reading 

III  BurmJE,  Thnaki  T,  UenoT,  Nakamura  T,  Yfcshioka  H Fftfalls  that  may  mimic 
Injuries  of  the  triangular  tibraeartllap*  and  pmrfmal  Intrinsic  wrist  ligaments 
at  MR  Imaging,  Radiographic*  2011;  31: 63-78 
\2\  MaiihnZV,  Brown  JA,  QonentJI.  etaL  MR  arthrography  of  the  wrist  amtro- 
venries  and  axkspG.  Hand  (NY)  2009;  4: 66*73 


131  Smith  TO.  Drew  B.  Ibms  AP,  Jensdi-Kerold  C.  Cbqjaowski  A).  Diagnostic 
accuracy  of  magnetic  <wnruna  imaging  and  resonant  arthfugn*- 

phy  for  triangular  fibrocartilaginous  emrsplcx  lq|uiy:  a systematic  review  and 
meta-analysis.  J Bone  joint  Sues  Am  2012;  94: 624*832 
[4]  Weinberg  HP,  HoUenherg  CM.  Adams  MJ,  Tan  RK.  Lechnec  M],  High- 
resolution  outpatient  Imaging  of  the  wrist  tetvdn  Mtcadnskeiet  Radiol 
2001;  5: 227*234 

151  Zlatkin  MB»  Bosner  J.  MR  imaging  of  tigairmhi  and  triangular  hbmeartflage 
complex  of  the  wrist  Radiol  Qln  North  Am  2006;  44:  595-623,  lx 
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4.2  Extrinsic  and  Intrinsic  •Normal extrmsicwristligaments 

• Extrinsic  wrist  ligament  tear 

Ligaments  of  the  Wrist 

• Scapholunate  ligament  tear 

• Lunotriquetral  ligament  tear 


Table  4.2  Extrinsic  and  intrinsic  ligaments  of  the  wrist 
Abnormalities  MRI  findings 


Scapholunate  ligament  tear  The  normal  MRI  appearance  of  the  scapholu- 

( Fig.  4.7)  nate  ligament  is  a dark  band  of  low  signal  on  all 

pulse  sequences  traversing  the  proximal  aspect 
of  the  scaphoid  and  lunate  carpal  bones.  The 
scapholunate  ligament  may  have  a linear  or 
triangular  configuration.  In  most  cases  the 
ligament  will  be  homogeneous  low  signal; 
however,  a central  linear  zone  of  intennediate 
signal  may  be  seen  within  the  scapholunate.  The 
scapholunate  ligament  may  be  partially  tom  or 
completely  tom.  In  addition,  degenerative  tears 
may  also  occur.  Partial  tears  typically  involve  the 
volar  portion  of  the  ligament.  MRI  shows  focal 
irregularity  or  fluid  signal  in  a portion  of  the 
ligament.  Magnetic  resonance  (MR)  arthrogra- 
phy shows  contrast  leak  into  a portion  of  the 
ligament.  MRI  of  complete  scapholunate  liga- 
ment tears  shows  extensive  fluid  signal 
extending  between  the  scaphoid  and  lunate 
carpal  bones.  There  is  often  widening  of  the 
scapholunate  space.  MRI  of  degenerative  tears 
typically  reveals  focal  fluid  signal  only  within  the 
central  or  membranous  portion  of  the  scapho- 
lunate ligament. 


Comments 

The  scapholunate  ligament  is  an  intrinsic  wrist 
ligament  with  volar,  membranous  central,  and 
dorsal  components.  The  dorsal  component  is 
thought  to  be  the  most  important  in  stabilizing 
the  wiist.  When  there  is  radiographically 
apparent  scapholunate  widening  the  volar  and 
dorsal  components  are  usually  tom  as  well  as 
the  radioscaphoid  extiinsic  ligament.  Degener- 
ative tears  of  the  central  membranous  portion 
may  be  symptomatic  though  are  unlikely  to 
result  in  instability.  Complete  tears  of  the 
scapholunate  may  result  in  dorsal  intercalated 
instability  (DISI).  The  capitate  can  then  migrate 
into  the  gap  between  the  scaphoid  and  lunate. 
The  scapholunate  ligament  is  a small,  complex 
structure  that  is  seen  to  better  advantage  with 
3-T  MRI  scanners.  High  spatial  resolution,  thin 
sections,  and  excellent  signal  to  noise  are 
required  to  accurately  evaluate  this  ligament. 
The  scapholunate  ligament  is  best  seen  on 
coronal  images.  3-T  MRI  arthrography  is  often 
needed  to  diagnose  partial  tears. 


(continued  on  page  92) 
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Flg.4.7  (a)  Coronal  fat-suppressed  Unweighted  Imaging  (FS  T2WI)ftom  an  magnetic  resonance  (MR)  arthiogram  shows  membranous  perforation  of 
die  scapholunate  ligament  (arrow),  (b)  Coronal  proton  density-weighted  Imaging  (PDWI)  shows  membranous  perforation  of  the  scapholunate 
ligament  (arrow),  (c)  Coronal  FS  T2WI  fiom  a wrist  MR  arthrogram  in  a second  patient  shows  a partial  tear  of  tile  volar  portion  of  tile  scapholunate 
ligament,  (d)  Coronal  PDWI  from  a wrist  MR  arthrogram  from  the  same  patient  shows  a partial  tsar  of  the  volar  portion  of  the  scapholunate  ligament 
(e)  Coronal  FS  T2WI  from  a third  patient  shows  a complete  tear  of  the  scapholunate  ligament  (f ) Coronal  PDWI  from  the  same  patient  shows  a 
oomplete  tear  of  the  scapholunate  ligament 
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Table  4.2  (Cont.)  Extrinsic  and  intrinsic  ligaments  of  the  wrist 

Abnormalities  MRI  findings  Comments 


Lunotriquetral  ligament  tear 
(►  Rg.  4.8) 


Normal  extrinsic  wrist  ligaments 
(►  Rg.  4.9) 


Lesions  of  the  extrinsic  wrist  ligaments 
(►  Rg.  4.10) 


The  lunotriquetral  ligament  connects  the  proxi- 
mal portions  of  the  lunate  and  triquetral  carpal 
bones.  The  lunotriquetral  ligament  has  a varia- 
ble appearance  on  MRI.  Usually  the  ligament  has 
a delta  shape  and  is  a thin,  low  signal  band  on  all 
imaging  sequences.  The  ligament  is  composed 
of  volar,  membranous  or  central  portion  and 
dorsal  component.  Tears  of  the  lunotriquetral 
ligament  may  be  partial  or  full  thickness. 
Chronic  degenerative  tears  also  occur.  To  date 
MRI  has  had  low  sensitivity  and  specificity  in  the 
accurate  diagnosis  of  these  tears.  On  fat- 
suppressed  T2-weighted  imaging  (FS  T2WI) 
partial  and  complete  tears  are  seen  as  increased 
signal  between  the  lunate  and  triquetral  bones. 
With  complete  tears  there  may  be  nonvisuali- 
zation of  the  ligament.  There  may  also  be 
widening  of  the  space  between  the  lunate  and 
triquetral  carpal  bones.  MRI  arthrography  is 
likely  more  accurate  in  identifying  all  types  of 
lunotriquetral  ligament  tears  and  in  particular 
partial  tears. 

The  dorsal  and  volar  extrinsic  wrist  ligaments 
are  unifonnly  low  signal  on  all  MRI  sequences. 


Extrinsic  wrist  ligaments  are  usually  dark  signal 
bands  on  all  MRI  pulse  sequences.  When  they 
are  tom  there  may  be  visible  discontinuity  and 
focally  increased  signal.  These  tears  can  be 
partial  or  full  thickness.  In  the  experience  of  this 
author  there  may  also  be  associated  ganglion 
cysts. 


Tears  of  the  lunotriquetral  ligament  are  often 
clinically  significant  This  is  true  for  both  partial 
and  complete  tears.  Patients  with  tears  both 
partial  and  complete  may  complain  of  wrist 
pain,  loss  of  grip  strength,  and  decreased  wrist 
range  of  motion.  Wrist  instability  may  also  be 
present.  Chronic  lunotriquetral  tears,  including 
partial  tears,  can  result  in  osteoarthritis.  Some 
lunotriquetral  tears  are  asymptomatic. 


The  extrinsic  ligaments  of  the  wrist  are  impor- 
tant for  overall  wrist  stability.  They  are  thought 
to  be  weaker  than  the  intrinsic  ligaments. 
Currently  most  authors  believe  there  is  insuffi- 
cient evidence  regarding  the  efficacy  of  MRI  in 
the  imaging  diagnosis  of  tears  of  these 
ligaments. 

The  extrinsic  ligaments  are  divided  into  volar 
and  dorsal  groups.  There  am  more  and  stronger 
volar  extrinsic  wrist  ligaments. 

The  volar  group  consists  of  radioscaphocapitate, 
radiolunotriquetral.  and  short  radiolunate  liga- 
ments. 

The  dorsal  group  consists  of  radiocarpal  (com- 
posed of  radioscaphoid.  radiolunate,  and  radio- 
triquetial  segments)  and  dorsal  intercaipal 
ligaments. 

Tears  of  the  extrinsic  wrist  ligaments  are  difficult 
to  identify  with  MRI  and  are  best  seen  with  3-T 
MRI  using  small  field  of  view,  thin  slices,  and 
high  matrix.  As  a result  many  radiologists 
choose  not  to  comment  on  these  ligaments  in 
their  reports. 
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Fig.  4.10  Coronal  fat-suppmaed  T2-welghted  Imaging  shows  partially 
tom  volar  extrinsic  wrist  ligaments,  which  are  thickened  with  Increased 
signal  (arrow). 

4.2.1  Extrinsic  and  Intrinsic  Ligaments 
of  the  Wrist  Suggested  Reading 

[1]  Oihabra  A,  SotdatosLThawaitGKretaL  Current  perspstives  on  the  advan- 
tages of  3T  MR  imaging  oft  he  wrist  Radlographks  2012;  32:  679-896 

[2]  Mak  WH,  Szabo  RM,  Myo  QC  Assessment  of  volar  radiocarpal  ligaments:  MR 
arthmgraphif  and  arthroscopic  correlation.  AIR  Am  J Roent^Dol  2012;  198: 
423-427 

[3]  Sfuhahpour  M,  van  OvemraetEn  L,  Ceuferick  P,  et  aL  Paitalqgy  of  exnlnsk; 
tigamente:  a ptOorial  esay.  Semin  Musoibskdet  Radiol  2012;  16: 115-128 

[4]  Taljanovic  MaLan  JJ,  Sheppard  JR.  Nomul  anatomy  of  the  extrinsic 
capsular  wrist  Ugamafc  by  3-T  MR1  and  hlgtvcesofulkni  uhramurgraphy. 
Semin  Musculaskckt  Radiol  2012;  16: 104-114 

[5]  Weinberg  EP,  Hollenberg  CM,  Adams  MJ.  Thn  RK.  lechmr  ML  Htgh- 
resolution  outpatient  imaging  of  the  wrist  Semin  Muviilmkrlft  Radiol 
2001;5:227-234 

[6]  Zbtkin  MB,  Rosnec  J,  MR  imaging  of  Ujptoem#  and  triangular  Bbrexartflage 
camplex  of  the  wrist  Radiol  CUn  North  Am 2006;  44: 595-623,  lx 
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4.3  Congenital  and  Acquired 
Lesions  of  the  Wrist 

• Carpal  boss 

• Type  II  lunale 


• Carpal  coalition 

• Madelung  deformity 

• Ulnolunate  impaction 

• Ganglion  cyst 

• Synovial  cyst 


Table  4.3  Congenital  and  acquired  lesions  of  the  wrist 

Abnormalities 

MRJ  findings 

Comments 

Caipal  boss 
( Fig.  4.11) 

The  carpal  boss  is  located  on  the  dorsum  of  the  wrist  at  the 
base  of  the  second  or  third  metacarpal.  This  accessory  ossicle 
typically  has  a triangular  shape  and  is  isointense  to  other  bones 
on  all  sequences  obtained.  Occsionally  there  can  be  manow 
edema  seen  in  this  ossicle  on  fat-suppressed  72-weighted 
imaging  (FS  T2WI).  The  carpal  boss  is  best  seen  on  axial  and 
sagittal  planes. 

A carpal  boss  is  a bony  protuberance  caused  by  an  accessory 
ossification  center  and  is  also  known  as  an  os  styloideum.  This 
ossicle  may  or  may  not  be  fused  with  its  adjacent  metacarpal. 
The  patient  may  or  may  not  be  symptomatic.  When  symptoms 
are  present  they  are  usually  a combination  of  pain  and 
decreased  range  of  motion.  Differential  diagnostic  considera- 
tions include  ganglion  cysts,  bursitis,  and  localized  osteo- 
arthritis. 

(continued  on  page  96) 
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Fig. 4. 11  (a)  Sagittal  proton 
density-weighted  imaging 
shows  aaoessoiy  ossicle  along 
die  dorsal  margin  of  die  distal 
capitate  metacarpal  joint 
(arrow),  (b)  Sagittal  fat-sup- 
pressed T2-welghted  Imaging 
(FS  T2WI)  shows  aocessory  ossi- 
cle along  the  dorsal  maigin  of 
die  distal  capitate  metacarpal 
joint  (anow).  (c)  Anal  FS  T2WI 
shows  aoaessory  ossicle  along 
die  dorsal  margin  of  die  distal 
capitate  metacarpal  joint 
(arrow),  (d)  lateral  radiograph 
shows  aoaessory  ossicle  along 
die  dorsal  margin  of  die  distal 
capitate  metacarpal  joint 
(arrow). 
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Table  4.3  (Cont.)  Congenital  and  acquired  lesions  of  the  wrist 


Abnormalities  MRI  findings 


Comments 


Type  II  lunate 
(>  Fig.  4.12) 


The  type  II  lunate  has  an  articulation  with  the  hamate.  There  are 
often  osteoarthritlc  changes  at  the  hamatolunate  articulation. 
On  3-T  coronal  FS  T2WI  significant  cartilage  damage  can  be 
seen  In  the  proximal  pole  of  the  hamate.  There  may  also  be 
geodes  and  reactive  marrow  edema  at  the  hamatolunate 
articulation.  The  coronal  plane  is  the  best  for  identifying  this 
abnonnality. 


A type  I lunate  articulates  distally  only  with  the  capitate,  and  the 
type  II  lunate  has  an  extra-articular  facet  that  articulates  with 
the  proximal  hamate.  The  type  I lunate  is  common.  There  is 
often  advanced  cartilage  damage  seen  in  the  proximal  pole  of 
the  hamate.  Type  II  lunate  can  be  an  unidentified  causeof  ulnar- 
sided  wrist  pain. 


Caipal  coalition 
(►  Fig.  4.13) 


Coronal  images  show  bony  coalition  between  the  triquetrum 
and  lunate.  Coalitions  may  be  osseous,  fibrous,  or  cartilaginous. 
Some  cases  may  be  associated  with  marrow  edema  and  cystic 
changes  in  the  coalescent  carpal  bones,  which  can  mimic 
osteoarthritlc  disease. 


Lunotriquetral  caipal  coalition  is  the  most  common,  with 
capitohamate  the  next  most  frequent  coalition  of  the  caipal 
bones.  Carpal  coalition  is  a rare  occurrence  with  female 
predominance.  Carpal  coalitions  are  frequently  bilateral.  There 
is  a reported  association  with  widened  scapholunate  joint 
space,  which  is  a normal  valiant;  a normal  scapholunate 
ligament  is  seen  at  arthrography. 

(continued  on  page  98) 
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Rg.4.12  (a)  Coronal  fat-sup- 
pressed  T2-weighted  imaging 
(FS  T2WI)  shows  an  extra-artic- 
ular faeet  along  the  distal  aspect 
of  the  lunate,  which  articulates 
with  the  hamate.  Small  sub- 
cortical geode  Is  seen  In  the 
proximal  hamate  along  with 
mild  reactive  degenerative  mar- 
row edema,  (b)  Coronal  proton 
density-weighted  imaging 
shows  an  extra-articular  facet 
along  the  distal  aspect  of  the 
lunate,  which  articulates  with 
tlie  hamate.  A small,  low  signal 
subcortical  geode  is  seen  In  the 
proximal  pole  of  die  hamate., 
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Fig.  4.13  (a)  Coronal  fat-sup- 
pressed  T2-welghled  Imaging 
shows  a lunotiiquetral  coalition 
with  large  degenerative  Intra- 
osseous cysts  and  heteroge- 
neous signal  joint  fluid,  likely 
synovitis,  (b)  Coronal  proton 
density-weighted  Imaging 
shows  a lunotiiquet  al  coalition. 
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Table  4.3  (Cont)  Congenital  and  acquired  lesions  of  the  wrist 


Abnormalities 

MRI  findings 

Comments 

Madelung 
deformity 
(►  Fig.  4.14) 

MRI  shows  ulnar  tilting  of  the  radius  and  radial  tilting  of  the 
ulna.  Ihene  Is  volar  tilting  of  tire  distal  articular  surface  of  the 
radius  and  a til angular  shape  of  the  epiphysis.  A physeal  bar 
bridging  the  distal  radius  metaphysls  and  epiphysis  Is  usually 
seen.  There  Is  often  a hypertrophied  anomalous  radlotiiquetral 
ligament.  The  proximal  carpal  row  has  a pyiamidal  shape. 

This  deformity  can  be  caused  In  several  ways.  Prior  trauma  to 
the  distal  radial  growth  plate  can  result  In  a bony  bar  causing 
the  deformity.  Congenital  causes  indude  dyschondrosteosis, 
multiple  hereditary  exostosis,  gonadal  dysgenesis,  Turner 
syndrome,  and  sickle  cell  disease.  Madelung  deformity  Is  more 
common  in  females,  is  more  often  bilateral,  and  usually 
presents  between  the  ages  of  6 and  13.  Patients  may  have  wrist 
pain  and  decreased  range  of  motion. 

Ulnolunafce 
Impaction 
(►  Fig.  4.15) 

MRI  shows  ulnar  positive  variance.  There  is  marrow  edema, 
subchondral  cyst  formation,  and  cartilage  destruction  In  the 
proximal  lunate  and  distal  ulna.  Triangular  fibrocartilage  tears 
are  also  usually  seen.  Coronal  MRI  scans  best  demonstrate  this 
abnormality. 

Ifetients  with  ulnolunate  impaction  usually  complain  of  dnar-sfded 
wr  1st  pain.  Most  patients  will  have  ulnar  positive  variance,  which  can 
be  congenital  or  acqulied  and  which  usually  occurs  secondary  to  an 
injected  distal  radius  fracture.  Ulnar  postive  variance  causes 
repetitive  Impaction  on  tire  pnxxbnal  lunate  with  resulting  loss  of 
cartilage  and  often  tearing  of  tire  triangular  fibrocartilage  (TPC). 

Ganglion  cyst 
(►  Fig.  4.16) 

On  FS  T2WI  ganglion  cysts  are  high  signal,  often  with  multiple 
thin  septations.  On  proton  density-weighted  Imaging  (PDWI) 
ganglion  cysts  are  usually  low  signal.  On  postcontiast  FS  T1- 
weightied  imaging  (T1WI)  there  is  a very  thin  rim  of  peripheral 
enhancement  with  no  Internal  enhancement.  The  poslconbast 
appearance  of  ganglion  cysts  Is  often  helpful  in  distinguishing 
this  lesion  from  a solid  mass  or  enhancing  venous  structure. 

Ganglion  cysts  are  the  most  common  soft  tissue  mass  in  the  wrist 
and  hand.  They  may  be  symptomatic  or  asymptomatic  They  are 
more  common  in  women.  These  lesions  are  offer  seen  in  dose 
association  with  wrist  Sga  mentis,  particularly  dorsal  extiinsic 
ligaments  of  ti  rewrlst.  On  histological  examination  ti  tere  1 s a lining  of 
pseudosynovial  cells  with  a mucinous  fluid-filled  cavity.  Ganglion 
cysts  can  CTtxte  adjacent  bone  such  that  they  become  partially 
Intiaosieous  and  communicate  wftii  the  adjacent  joint  Ganglion 
cysts  may  be  enttiely  Intraosseous,  particularly  In  tire  carpal  bones. 
Intraoroous  ganglion  cysts  may  be  radiographically  occult 

Synovial  cyst 

On  F5  T2WI  synovial  cysts  are  high  signal,  often  without 
internal  septations.  On  PDWI  they  are  low  signal.  On 
postcontrast  FS  T1WI  there  Is  usually  thin  peripheral  enhance- 
ment with  no  Internal  enhancement 

Synovial  cysts  communicate  with  the  joint.  These  cysts  have  a 
true  lining  of  mesothdial  cells.  The  cyst  cavity  is  filled  with 
mucinous  fluid. 

98 


■ Fig.4.14  Madelung  deformity.  Anteroposterior  radiograph 

shows  characteristic  angulation  oP  the  distal  radius  and  ulna  so 
that  there  is  an  overall  V-shaped  appearance. 
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Flg.4.15  (a)  Coronal  fat- 
suppressed  T2-weighted 
Imaging  shows  ulnar  positive 
variance  with  degenerative 
marrow  edema  In  the  distal  ulna 
and  opposite  lunate.  There  Is  a 
subcortical  geode  seen  In  die 
distal  ulna,  (b)  Coronal  proton 
density-weighted  imaging 
shows  ulnar  positive  vailanee 
of  the  distal  ulna  with 
mailed  narrowing  of  tile 
ulnolunate  space. 


Fig.  4.16  (a)  Axial  fat-suppressed  (FS)  T2-welghted  Imaging  shows  a large,  high  signal  septated  ganglion  cyst  along  die  volar  aspect  of  die  distal 
radius,  (b)  Axial  proton  density-weighted  Imaging  shows  a large,  inteimedlate  signal  septated  cyst  (c)  Axial  FS  Tl-welghted  Imaging  postcontrast 
shows  a septeted  cyst  along  the  volar  aspect  of  tile  distal  radius  witii  only  minimal  peripheral  enhancement. 


4.3.1  Congenital  and  Acquired  Lesions 
of  the  Wrist  Suggested  Reading 

[1]  L,  del  Ptflal  F.  Ahascal  F.  Carda-Vakuflle  R,  Pereda  T,  Canga  A,  Imaging 
findings  in  ulnar-sided  wrist  Impacrion  syndromes.  OadlDgraphka  2002;  22: 
105-121 

[2]  CookRA  Yu  JS,  WlandW.etaL  Made!  ung  deformity  in  sketetally  immature 
patients:  rnoip Kokrgk  assessment  using  radiography,  CT,  and  WRLJ  Cnmpur 
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4.4  Bone  Lesions  of  the  Wrist 

• Scaphoid  fractures 

• Hamate  fractures 

• Triquetral  fractures 


• Incomplete  fractures  of  the  wrist 

• Avascular  necrosis  (AVN)/scaphoid  AVN 

• Kienbdck  disease 

• Physeal  injuries 

• Carpal  instability 


Table  4.4  Bone  lesions  of  the  wrist 
Abnormalities  MRI  findings 

Scaphoid  fractures  On  Tl-weighted  imaging  (T1WI)  or  proton  density- 
( Fig.  4.17)  weighted  imaging  (PDWI)  there  is  a transverse  low  signal 

line  across  the  scaphoid  waist  or  middle  third  of  the 
scaphoid,  which  is  best  seen  in  the  coronal  plane.  On  fat- 
suppressed  T2-weighted  imaging  (FS  T2WI)  there  is  a low 
signal  line  in  the  same  position  with  high  signal  manow 
edema  on  one  or  both  sides  of  the  fracture.  Low  signal 
fracture  line  usually  extends  to  involve  the  cortex,  and  there 
may  be  displacement  of  proximal  and  distal  scaphoid  poles. 
If  the  fracture  does  not  extend  to  the  cortex  this  could 
represent  an  incomplete  acute  fracture  (fracture  line  limited 
to  medullary  bone)  or  a chronic  fracture. 


Comments 

Most  scaphoid  fractures  occur  secondaiy  to  a fall,  with  80% 
occurring  in  the  scaphoid  waist  or  middle  third  of  the 
scaphoid.  The  remaining  20%  of  scaphoid  fractures  occur  in 
the  proximal  and  distal  poles  with  equal  frequency.  Patients 
with  scaphoid  fractures  typically  present  with  pain  in  the 
anatomical  snuffbox,  decreased  range  of  motion,  and 
decreased  girip  strength.  When  the  fracture  results  in 
displaaement  of  the  proximal  and  distal  poles  there  is  often 
resultant  wiist  instability.  Proximal  pole  scaphoid  avascular 
necrosis  is  an  important  complication.  This  can  oicur  in  the 
setting  of  delayed  diagnosis  and  treatment  secondary  to 
radiographically  occult  nondisplaaed  scaphoid  fractures. 
Other  complications  include  nonunion  or  malunion,  osteo- 
arthritis, and  wrist  instability. 

(continued  on  page  102) 
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Rg.4.17  (a)  Coronal  fat-sup- 
pressed  T2-weighted  imaging 
(FS  T2WI)  shows  diffuse  edema 
In  the  scaphoid  with  a well- 
defined  low  signal  fracture 
aero*  die  scaphoid  waist,  (b) 
Coronal  proton  density- 
weighted  imaging  (PDWI) 
shows  diffuse  edema  in  die 
scaphoid  wldi  a well-defined 
low  signal  f lacture  across  die 
scaphoid  waist,  (c)  Anteropos- 
terior radiograph  from  a second 
patient  Is  normal  with  no  evi- 
dence of  scaphoid  fiacture.  (d) 
Coronal  FS  T7W1  from  die  same 
patient  shows  a low  signal  fiac- 
ture  line  at  the  scaphoid  waist 
(arrow)  with  marrow  contusion 
on  either  side.  This  Is  a radio- 
graphically occult  scaphoid 
fracture. 
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Table  4.4  (Cont.)  Bone  lesions  of  the  wrist 


Abnormalities 

MRI  findings 

Comments 

Hamate  fractures 
(i  Fig.  4.18) 

Hamate  fractures  typically  involve  the  hook  or  body  of  the 
bone,  either  the  proximal  or  distal  pole.  On  PD  Wl  and  PS 
T2WI  they  are  seen  as  a hypointense  line.  On  FS  T2WI  there 
is  often  hyperintense  marrow  edema  on  both  sides  of  the 
fracture  line.  Body  fractures  may  involve  the  articular 
surface.  Hook  fractures  are  oriented  horizontally  on  axial 
images  and  vertically  on  sagittal  images.  They  may  not  be 
seen  in  the  coronal  plane.  Some  hook  fractures  may  cause 
mass  effect  on  the  ulnar  aspect  of  the  carpal  tunnel. 

Most  hamate  fractures  occur  secondary  to  a fall  on  an 
outstretched  wrist  or  direct  trauma.  Patients  often  complain 
of  ulnar-sided  wrist  pain,  soreness  in  the  palm,  decieased 
grip  strength,  and  sometimes  ulnar  nerve  palsy.  Most 
patients  are  young,  active  athletes,  with  males  more 
frequently  seen  than  females.  These  fractures  may  be  seen  in 
specific  sports,  including  baseball,  hockey,  golf,  and  tennis. 
Most  hamate  body  fractures  will  heal;  however,  some  hook 
fractures  will  go  on  to  nonunion.  On  occasion  an  incom- 
pletely fused  ossification  center  of  the  hook  of  hamate  may 
be  confused  with  a fr  acture. 

Triquetral  fractures 
(»  Fig.  4.19) 

Most  fractures  of  the  triquetral  carpal  bone  are  avulsion 
fractuies  involving  the  dorsal  cortex.  On  FS  T2WI  there  is 
edema  adjacent  to  the  fracture  site.  PDWI  shows  low  signal 
adjacent  to  the  fracture  site  and  will  more  often  demon- 
strate discontinuity  of  the  thin,  black,  aortical  line.  The 
displaced  cortical  fragment  may  be  small  and  difficult  to  see 
with  MRI.  Sagittal  and  axial  planes  are  more  likely  to 
optimally  show  this  fracture. 

Fractures  of  the  triquetrum  often  occur  when  there  is  a fall  on 
the  outstretched  hand.  Patients  often  complain  of  pain  and 
swelling  at  the  dorsum  of  the  wrist  along  Its  ulnar  aspect. 
These  fractures  can  be  difficult  to  see  with  radiography. 
Computed  tomogiaphy  may  be  the  best  modality  for 
evaluating  triquetral  fr  actures.  Fractuies  of  other  carpal  bones 
are  uncommon.  AIT  carpal  fractures  should  be  detected  with 
MRI.  with  FS  T2WI  showing  marrow  edema. 

(continued  on  page  104) 
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Ftg.4.1§  (a)  Axial  proton 
density-weighted  imaging 
shows  a low  signal  band  at  the 
base  of  the  hook  of  the  hamate 
representing  a nondisplaced 
fracture  (arrow),  (b)  Axial  fat- 
suppressed  T2- weigh  ted  Imag- 
ing (FS  TZWI)  shows  diffuse 
edema  in  the  hamate  with  a low 
signal  line  across  the  base  of  the 
hamate  representing  a nondis- 
placed fracture  (arrow),  (c)  Cor- 
onal FS  TZWI  shows  edema  In 
the  hamate  and  diffuse  edema 
in  the  scaphoid,  with  a low 
signal  line  across  the  waist 
representing  a nondisplaced 
fiacture  of  the  scaphoid  waist 
(d)  Radiograph  of  the  wrist  with 
no  fracture  seen. 


Fig.  4.1 9 (a)  Axial  proton  density-weighted  Imaging  (POWI)  shows  coitical  fi  acture  with  fragment  along  the  dorsal  margin  of  the  tilquetrum  (arrow), 
(b)  Sagittal  POWI  shows  aorbcal  fiacture  along  the  dorsal  margin  of  the  triquebum  (arrow),  (c)  lateral  radiograph  shows  fracture  along  the  dorsal 
cortex  of  the  blquetrum  (arrow). 
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Table  4.4  (Cont.)  Bone  lesions  of  the  wrist 


Abnormalities 

MRI  findings  Comments 

Incomplete  fractures  of 
the  wrist 
(i  Fig.  4.20) 

Incomplete  fractures  can  occur  In  any  bone.  Incomplete  Patients  with  incomplete  wrist  fractures  present  with  wrist 

fractures  are  intramedullary  fractures,  which  do  not  extend  pain.  If  these  fractures  are  detected  a perfect  treatment 
to  the  cortical  bone.  A well-defined  linear  aone  of  low  signal  outaome  can  be  expected.  However,  if  these  fractures  are 
is  seen  on  PDWI  in  the  medullaiy  portion  of  the  bone,  not  identified  they  can  go  on  to  involve  the  nearest  cortical 

usually  surrounded  on  both  sides  by  high  signal  marrow  surface,  resulting  in  a complete  fracture.  In  the  scaphoid 

edema  on  FS  T2WI.  he  presence  of  marrow  edema  alone  carpal  bone  avascular  necrosis  can  occur  when  inaomplete 
can  indicate  an  occult  fracture,  which  on  follow-up  may  fractures  are  not  detected, 

eventually  demonstrate  a fracture  line.  In  the  wrist  the  distal 
radius  and  scaphoid  are  typical  locations  for  incomplete 
fractures.  These  fractures  are  radiographically  occult. 

(continued  on  page  106) 
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Rg.4.20  (a)  Coronal  proton  density-lighted 
Imaging  (PDWI)  shows  low  signal  edema  in  the 
distal  radius,  (b)  Coronal  fat-suppressed  12- 
weighted  Imaging  (FS 12 Wl)  shows  diff  use  high 
signal  edema  in  die  distal  radius  with  a curvilinear 
line  across  the  distal  radius  representing  a non* 
displaced  fracture,  (c)  Wilst  radiograph  with  no 
fracture  seen,  (d)  Sagittal  PDWI  shows  a low 
signal  nondispiaced  fracture  line  in  the  distal 
radius,  which  does  not  Involve  ooitlcal  bone,  (e) 
Coronal  FS  TZWI  from  a second  patient  shows  a 
displaced  fracture  with  cortical  disruption  of  the 
distal  radius,  (f)  Corresponding  eoronal  PDWI 
from  the  same  patient  also  shows  a displaced 
fracture  of  tile  distal  radius. 


f 
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Table  44  (Cont)  Bone  lesions  of  the  wrtst 

Abnormalities 

MR]  findings 

Comments 

Avascular  necrosis 
(AVN)/scaphoid  AVN 
(►  Fig.  421) 

On  PDWI  Images  marrow  signal  Is  normally  high,  Indicating 
the  presence  of  normal  fatty  marrow.  Low  signal  in  the 
scaphoid  marrow  on  both  PDWI  andFST2Wlis  highly 
suspicious  for  AVN.  These  findings  usually  oacur  In  die 
proximal  pole.  High  signal  manow  on  FS  12WI  images  and 
corroponding  low  signal  on  PDWI  indicate  several  possibil- 
ities, Including  marrow  edema,  granulation  tissue,  and  early 
AVN.  In  later  stages  of  AVN  there  Is  aortical  disruption  and 
fragmentation. 

"Ihe  most  tommon  location  for  AVN  of  the  scaphoid  Is  die 
proximal  pole.  The  blood  supply  to  tills  location  is  easily 
disrupted  by  trauma.  Disruption  of  this  blood  supply  is  a 
major  cause  of  scaphoid  waist  fractures  going  on  to 
nonunion. 

Klenbddc  disease 
(►  Fig.  4.22) 

On  PDWI  normal  blight  signal  marrow  Is  entirely  replaced 
witii  low  signal,  low  signal  marrow  In  tflie  lunate  on  botii 
PDWI  and  FST2WI  Is  highly  suspldous  for  AVN.  When  only  a 
portion  of  the  lunate  Is  Involved  or  there  Is  high  signal  on  FS 
12WI  other  possible  diagnoses  need  to  be  considered. 
Including  bone  contusion,  granulation  tissue  related  to 
healing  AVN,  oarV^ge  AVN,  or  degenerative  reactive 
marrow  edema.  The  sagittal  plane  is  essential  in  evaluating 
the  lunate  because  some  fractures  are  seen  only  in  this 
plane. 

Lunate  osteonecrosis  may  occur  as  a result  of  acute  fracture, 
ulnar  minus  vaiiation.  and  repetitive  microtrauma.  Patients 
complain  of  pain  that  is  worse  witii  activity,  loss  of  grip 
strength,  decreased  range  of  motion,  and  diffuse  swelling. 
Ihe  blood  supply  of  the  lunate  is  more  easily  disrupted  in 
patients  with  variant  anatomy  in  which  there  is  a single 
nutrient  vessel. 

(continued  on  page  JOSj 

Rg.4.21  (a)  Coronal  proton  density-weighted  Imaging  (PDWI)  shows  low  signal  proximal  pole  of  scaphoid  and  scaphoid  waist  fracture  with 
nonunion.  There  Is  no  evidence  for  •allapse  of  the  proximal  pole,  (b)  Coronal  fat-suppressed  T 2- weighted  Imaging  (FS  T2WI)  shows  Increased  signal  In 
both  proximal  and  distal  poles  of  die  scaphoid  carpal  bone.  There  is  also  a scaphoid  waist  fracture  with  nonunion.  The  presence  of  high  signal  in  die 
proximal  pole  on  FS  12WI  and  corresponding  low  signal  on  PDWI  indicates  early  avascular  necrosis  (AVN).  (c)  Coronal  PDWI  from  a second  padent 
shows  low  signal  In  the  proximal  pole  of  the  scaphoid,  (d)  Coronal  FST2Wlfrom  die  same  patient  also  shows  low  signal  In  the  In  die  proximal  pole  of 
die  scaphoid,  indicating  more  advanced  AVN.  Note  a large  posttraumatic  cyst  at  die  site  of  previous  fracture  (anew),  (e)  Coronal  two-dimensional 
reformat  from  a CT  scan  of  tile  wrist  shows  proximal  pole  scaphoid  increaed  sderotic  density  seen  in  AVN. 
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Fig. 4. 2 2 (a)  Sagittal  pioton 
density-weighted  imaging 
(PDWI)  shows  diffuse  low  signal 
In  the  lunate  with  comminuted 
fracture  and  collapse.  Findings 
are  consistent  with  lunate  avas- 
cular necrosis  (AVN)  (Klenbfldc 
diseoe)  with  collapse,  (b)  Sag- 
ittal fat-suppressed  T2- 
weighted  imaging  (FS  T2WI) 
shows  patchy  increased  signal  in 
the  lunate  with  comminuted 
fracture  and  collapse.  Rndings 
are  consistent  with  lunate  AVN 
(Kienbdck  disease)  with  eol- 
lapse.  (c)  Coronal  PDWI  shows 
diffuse  low  signal  In  die  lunate 
with  comminuted  fracture  and 
collapse,  (d)  Coronal  FS  T2WI 
shows  patchy  Increased  signal 
with  high  signal  at  fracture  site.. 
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Table  4.4  (Cont.)  Bone  lesions  of  the  wrist 


Abnormalities 

MRI  findings  Comments 

Physeal  injuries 
(►  Fig.  4.23) 

Acute  physeal  injuries  of  the  wrist  occur  in  the  distal  radius  These  injuries  are  most  commonly  seen  in  young  athletes, 
and  ulna  and  are  low  signal  on  PDWI  and  high  signal  on  FS  Some  physeal  injuries  will  go  on  to  form  a bony  or  fibrous 
T2WI.  MRI  can  identify  the  mildest  to  the  most  severe  cases  bar  traversing  the  physis,  which  will  result  in  growth 
of  physeal  injuiy.  Many  mild  physeal  injuiies  will  be  disturbance  with  eventual  limb  length  discrepancy, 

radiographically  occult.  The  major  complication  of  physeal 
injury  is  formation  of  a bar,  bony  or  fibrous.  These  bars  are 
well  seen  on  coronal  and  sagittal  plane  images  as  low  signal 
on  both  PDWI  and  FS  T2WI. 

(continued  on  page  1 10) 
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Fig.4.23  (a)  Sagittal  proton 
density-weighted  imaging 
(PDWI)  shows  a shoit  ulna  with 
bony  bar  across  the  distal 
physis.  (b)  Sagittal  fat- 
suppressed  T2-welghted 
Imaging  (FS  T2WI)  shows  a low 
signal  posttraumatic  bony  bar 
across  the  distal  ulna,  which  is 
shortened  (arrow),  (c)  Coronal 
F5  T2WI  shows  a short  ulna  with 
severe  distortion  of  the  trian- 
gular flbrocartflage  complex 
(TFCC)  and  ulnar  angulation  of 
the  distal  radius,  (d)  Coronal 
PDWI  shows  a short  ulna  with 
severe  distortion  of  the  TFCC 
and  ulnar  angulation  of  the 
distal  radius. 


b 


d 
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Table  4.4  (Cont.)  Bone  lesions  of  the  wrist 


Abnormalities  MRI  findings 


Comments 


Carpal  instability 
(►  Fig.  4.24) 


There  are  several  patterns  of  carpal  instability,  including 
dorsal  intercalated  instability  (DISI),  volar  intercalated 
instability  (VISI),  and  scapholunate  advanced  collapse 
(SLAC).  SLAC  and  DISI  are  usually  seen  in  association  with 
rupture  of  the  scapholunate  ligament.  This  ligament  tear 
can  be  directly  visualised  on  conventional  wrist  MRI  and  is 
also  well  seen  on  wrist  MRI  arthrography.  There  is  usually 
associated  widening  of  the  scapholunate  space.  In  DISI  there 
is  dorsal  tilting  of  the  lunate  with  respect  to  the  capitate, 
which  is  best  seen  on  sagittal  images.  In  SLAC  there  is 
widened  scapholunate  space,  proximal  migration  of  the 
capitate,  and  degenerative  changes  at  the  radioscaphoid 
articulation.  In  VISI  there  Is  usually  a tear  of  the  lunotri- 
quetral  ligament  and  volar  tilting  of  the  lunate  with  respect 
to  the  capitate,  best  seen  on  sagittal  images. 


Carpal  instability  is  a complex  subject.  The  different  patterns 
of  carpal  instability  can  often  be  seen  on  radiographs  of  the 
wrist.  MRI  is  useful  to  further  define  the  ligamentous 
abnormalities  associated  with  these  instability  patterns. 
Patients  with  carpal  instability  often  complain  of  wrist  pain, 
decreased  range  of  motion,  and  loss  of  grip  strength. 
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Rg.4.24  (a)  Coronal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  shows  carpal  Instability  with  widened  scapholunate  space  and  proximal  carpal 
migration.  There  Is  also  reactive  degenerative  marrow  edema  seen  In  multiple  carpal  bones  along  with  geodes  In  several  carpal  bones,  (b)  Coronal 
proton  density-weighted  imaging  (POWI)  shows  carpal  instability  with  widened  scapholunate  space  and  proximal  carpal  migration,  (c)  Sagittal  FS 
TZWI  shows  dorsal  tilt  of  the  lunate  and  degenerative  reactive  marrow  edema. 


4.4.1  Bone  Lesions  of  the  Wrist 
Suggested  Reading 

[1]  Blum  AG,  Zabel  JP,  Kohlmann  R,  et  aL  Pathologic  conditions  of  theHyt*rthenar 
eminence;  evaluation  with  muhdtietmDr  Cr  and  MR  Imaging.  Radiographics 
2006;26:1021-1044 

|2|  fuhadou  A.  Paid  A»  Morgan  T,  CaraHIhnas  AR  Wtist  injuno  in  young  adults: 
the  diagnostic  Impact  of  CT  and  MRL  Eur  J Radiol  2011;  77: 235-230 

|3]  Foot  MG,  Gaskin  CM,  Chhabia  AB,  Anderson  MW.  Assessment  of  scaphoid 
viability  with  MRI;  a rrosrament  of  findings  on  unenhanrad  MR  i imago. 
A JR  Am  J Roentgenol  2010;  195:  W281-W286 


|4]  Malke  w.  Ooocnberg  JN,  Ring  D.  van  Dijk  CN,  Maas  Mr  Goslings  JC 
Comparison  of  C rand  MRI  tbr  diagnosis  of  suspected  scaphoid  fractures.  J 
Bone  Joint  Suig  Am  2011;  03: 20-28 

|5|  Schmitt  R.  Omstepoulos  G,  Winner  M,  et  aL  Avascular  necrosis  (AVN]  of 
the  proximal  fragment  In  scaphoid  nonunion!  Is  intravenous  contrast  agent 
oeeesary  In  MRI?  Eur  J Radiol  2011;  77: 222-227 

|6|  Schmitt  R,  Ftoehrver  S,  Coblenz  C,  OirisORiTuliB  C.  Carpal  instability.  Eur 
Radiol  2006;  16:  2161-2178 

[7|  Sdmfnd  F.  ftdaml  S,  Ledoux  P.  Klenbodds  dlsse.  J Bone  Joint  Sues  Br  2008; 
90: 133-139 


111 


TheWrist 


4.5  Tendon  Lesions  of  the  Wrist 

• Traumatic  injuries  of  the  tendons 
o Partial  tendon  tears 
o Complete  tendon  tears 


• Inflammatory  lesions  of  the  tendons 
o Extensor  carpi  ulnaris  (ECU)  tendonopathy 
o De  Quervain  syndrome 
o Flexor  tendon  tenosynovitis 


Table  4.5  Tendon  lesions  of  the  wrist 

Abnormalities 

MRI  findings 

Comments 

Trauma  Ic  Injuries  of  the  tendons 

Partial  tendon  tears 
(►  Fig.  4.25) 

The  normal  MRI  appearance  of  tendons  is  a low 
signal,  rounded  structure  on  all  sequences. 

Some  wrist  tendons  have  mild  heterogeneously 
increased  signal  on  fat-suppressed  T2-weigh  ed 
imaging  (F5  T2WI).  The  normal  extensor  carpi 
ulnaris  may  have  this  appearance.  Partial  wiist 
tendon  teal's  are  seen  as  focal  zones  of 
increased  signal  on  proton  density-weigh  ed 
imaging  (PDWI)  and  on  FS72WI.  There  may  also 
be  obvious  partial  discontinuity  of  the  tendon. 
Sagittal  and  axial  planes  are  best  for  wrist 
tendon  evaluation. 

Partial  tears  of  the  wrist  tendons  can  arise 
secondary  to  penetrating  trauma  such  as  knife 
wounds  or  may  occur  after  wrist  fracture.  If 
there  is  less  than  50%  tendon  thickness  tran- 
section conservative  nonsurgical  treatment  may 
be  sufficient. 

Complete  tendon  tears 
(►  Fig.  4.26) 

Complete  tendon  teal's  may  have  a variable  MRI 
appearance  depending  on  the  nature  of  the 
injury.  Complebe  tendon  tears  are  seen  as  areas 
of  tendon  discontinuity,  which  can  be  best 
appreciated  on  sagittal  images.  On  FS  T2WI 
there  is  high  signal  in  the  region  of  the  gap 
between  the  orn  endon  ends.  The  endon 
ends  may  be  sharply  defined,  typically  after 
acute  knife  injuries.  The  tendon  ends  may 
alternatively  be  frayed  and  irregular,  or  in  the 
case  of  a more  chronic  injury  there  may  be  ill- 
defined  blurring  of  the  torn  tendon  ends. 

Complebe  tendon  tears  more  commonly  occur 
over  the  dorsum  of  the  wris  and  involve  the 
extensor  tendons.  The  length  of  the  gap 
between  the  tom  tendon  ends  needs  to  be 
determined  in  each  case.  This  will  determine  the 
ype  of  surgical  treatment  employed.  Shorter 
gaps  can  be  primarily  repaired  by  suturing  the 
tom  ends  together.  Longer  gaps  often  require  a 
tendon  graft  to  bridge  the  tom  ends  of  the 
na  ive  tendon. 

Inflammatory  lesions  oFtfw  tendons 

Extensor  carpi  ulnaris  (ECU)  tendonopathy 
(►  Fig.  4.27) 

On  FS  T2WI  fluid  may  be  seen  surrounding  the 
tendon  (tensosynovial  effusion).  There  may  also 
be  increased  signal  in  the  tendon  and  tendon 
thickening.  The  tendon  may  also  be  displaced 
from  its  groove  on  the  ulna.  These  findings  are 
best  seen  in  the  axial  plane.  On  FS  T2WI  stippled 
increased  signal  within  the  tendon  with  no 
thickening  or  pertindinous  fluid  is  often 
asymptomatic. 

ECU  tendinopathy  occurs  commonly  and  is 
usually  located  near  or  at  the  level  of  the  ulnar 
head.  Patients  usually  complain  of  pain  and 
swelling  at  the  level  of  the  ulnar  head.  ECU 
tendon  sheath  disrup  ion  can  occur  in  associa- 
tion with  triangular  fibrocartilage  complex 
(TFCC)  tears.  Disruption  of  the  ECU  tendon 
sheath  can  result  in  ECU  tendon  subluxation. 

(continued  on  page  114) 
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Ftg.4,25  (a)  Axial  fat-sup- 
pressed 12-weighted  imaging 
shows  a partial  spilt  tsar  of  the 
extensor  carpi  radialls  longus 
(arrow).  There  is  also  teno- 
synovitis of  the  extensor  carpi 
radialls  longus  and  adjacent 
extensor  potllcis  longus.  (b) 
Axial  proton  density-weighted 
Imaging  (POWl)  shows  partial 
split  tsar  of  the  extensor  carpi 
radialis  longus  (arrow). 


Fig. 4. 26  (a)  Coronal  fat-suppressed  12-weighted 
Imaging  (F5  T2WI)  shows  a somplete  tear  of  the 
flexor  carpi  radialis  tendon  (arrow),  (b)  Axial  FS 
T2WI  shows  a somplete  tear  of  the  floor  caipi 
radialis  tendon  (anovi^.  (c)  Sagittal  proton 
density-weighted  Imaging  shows  a complete 
tear  of  tlie  flexor  carpi  radialis  tendon  (arrows), 
(d)  Sagittal  FS  T7WI  shows  a somplete  tear  of  the 
flexor  carpi  radialis  tendon  (arrows). 


v-  - 


Flg.4.27  (a)  Axial  fat-sup- 
pressed (FS)  12-weighted  imag- 
ing shows  thickened  extensor 
carpi  ulnarls  (BCD)  with 
increased  signal  (arrow).  Inci- 
dental note  is  made  of  a large 
ganglion  cyst  adjacent  to  the 
volar  aspect  of  the  distal  radius, 
(b)  Axial  FS  Tl-weighted  imag- 
ing after  Intravenous  sontrast 
shows  mild  enhancement  of  the 
ECU  (arrow). 
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Table  4.5  (Cont.)  Tendon  lesions  of  the  wrist 

Abnormalities  MRI  findings  Comments 


De  Quervain  syndrome 
(►  Rg.  4.28) 


Flexor  tendon  tenosynovitis 
(►  Rg.  4.29) 


Early  findings  of  tenosynovitis  on  F5  T2WI 
include  increased  bright  signal  fluid  within  the 
tendon  sheath  surrounding  the  abductor  pollicis 
longus  (APL)  and  extensor  pollicis  brevis  (EPB). 
As  severity  progresses  there  may  be  increased 
signal  on  FS  T2WI  in  the  surrounding  soft  tissues 
with  distortion  of  the  adjacent  fat  planes.  With 
continued  progression  of  severity  there  is 
thickening  of  the  tendon  and  increased  bright 
signal  on  FS  T2WI  in  the  substance  of  the 
tendons  (tendinosis). 

Increased  blight  signal  on  FS  T2WI  is  seen 
sunounding  the  tendons  and  within  the  ten- 
dons. The  flexor  tendons  may  be  thickened,  and 
after  intravenous  contrast  administration  there 
is  often  enhancement  seen  on  FS  Tl^weighted 
imaging  (T1  Wl)  within  the  tendons  and 
thioughout  the  flexor  compartment.  The  axial 
plane  is  best  for  evaluating  the  flexor  tendons. 


The  APL  and  EPB  tendons  are  in  the  first  dorsal 
extensor  compartment.  The  tendons  are  •om- 
monly  inflamed  secondaiy  to  overuse.  Patients 
present  with  pain  and  swelling  in  the  region  of 
the  radial  styloid.  Both  wrists  can  be  affected.  In 
some  patients  surgical  decompression  is 
required. 


Flexor  compartment  tenosynovitis  can  result  in 
compression  of  the  median  neive,  resulting  in 
carpal  tunnel  syndrome.  The  flexor  retinaculum 
may  be  bowed.  The  MRI  appearance  of  the 
median  nerve  is  unreliable  in  the  diagnosis  of 
carpal  tunnel  syndiome.  There  may  be  increased 
signal  with  the  nerve  on  FS  T2WI  and  thickening 
of  the  nerve. 


114 


TheWrtst 


Rg.4.28  (a)  Axial  fat-sup- 
pressed 12-weighted  imaging 
shows  Increased  signal  In  die 
first  dorsal  aompartment  of  die 
wrist  (arrow).  The  first  dorsal 
aompartment  includes  the 
abductor  pollfcls  longus  and 
extensor  pollicis  brevis,  (b)  Axial 
proton  density-weighted  imag- 
ing shows  diffusely  Inaeoed 
signal  in  die  first  dorsal  com- 
partment of  die  wrist  (arrow). 


Fig.4.29  (a)  Axial  proton  den- 
sity-weighted imaging  shows 
increased  heterogeneous  signal 
flluld  surrounding  the  fllexor  and 
extensor  tendons,  (b)  Axial  fat- 
suppressed  (FS)  T2- weighted 
Imaging  shows  Increased  high 
signal  fluid  witit  debris  sur- 
rounding the  flexor  and  exten- 
sor tendons.  There  Is  likely  some 
synovial  proliferation,  (c)  Axial 
FS  Tl-weighted  imaging  (T1WI) 
shows  Increased  fluid  In  the 
flexor  and  extensor  aompart- 
menfcs,  (d)  Axial  FS  T1WI  post- 
contrast  shows  synovial 
enhancement  in  the  etatsor 
aompartment  greater  tiian  the 
flexor  compartment. 


4.5.1  Tendon  Lesions  of  the  Wrist 
Suggested  Reading 

|1|  Chhabra  A.  Saldatos  T,  Tharwait  GK,  et  u.  Current  <rrs ipSTfves  on  the 
advantages  of  3-T  MR  imaging  of  the  wrist  Radiographic  2012;  32:  879^896 


|2|  Gi^Jchen  N,  Schweitzer  M.  MRI  features  in  de  Quecvain’s  ttnesynovitis  of  the 
wrist  Skeletal  Radiol  1996;  25 : 63-65 

[3]  Lee  YH,  Choi  YR,  Kim  S,  Song  HT,  Sub  JSL  Intrinsic  ligament  and  triangular 
flhrocardia^  cmnptex  (THT)  tears  of  the  wrist:  comparison  of  IsrvohimeTTk: 
3D-THRJVK  MR  arthrography  and  arrrventSoaal  MR  image  of  3T. 

Mag  Reson  Imaging  2013  ;31(2):221 -226. 
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4.6  Arthritis  of  the  Wrist 

• Normal  wrist  cartilage 

• Osteoarthritis  (OA) 

• Rheumatoid  arthritis  (RA) 

Table  4.6  Arthritis  of  the  wrist 

Abnormalities  MRI  findings 

Normal  wrist  cartilage  MRI  Is  the  best  modality  for  the  noninvasive 

( Fig.  4.30)  evaluation  of  wrist  cartilage.  Normal  wrist 

cartilage  is  thin,  which  results  in  technical 
challenges  in  accurate  MRI  evaluation.  Success- 
ful MRI  of  cartilage  requires  high  field  strength. 
3 T.  powerful  gradients,  and  dedicated  multi- 
channel small  field  of  view  surface  coils.  In 
addition  imaging  parameters  need  to  be  opti- 
mized to  maximize  the  potential  for  accurate 
evaluation.  Thin  1-  to  1.5-mm  coronal  sections 
using  fat-suppressed  T2-weighted  imaging  (FS 
T2WI)  with  intermediate  TR/TE  allow  for  proper 
distinction  between  cartilage,  cortical  bone,  and 
fluid  while  maintaining  sufficient  signal  to  noise 
so  that  anatomical  details  are  not  lost  On 
optimized  MRI  thinning,  signal  heterogeneity 
and  ultimately  focal  and  diffuse  delects  in  the 
articular  cartilage  can  be  seen.  Often  indirect 
signs  of  cartilage  damage  must  suffice.  These 
include  marrow  edema  and  subcortical  cystic 
changes. 

Osteoarthritis  (OA)  In  early-stage  osteoarthritis  MRI  findings  are 

( Fig.  4.31;  ► Fig.  4.32)  limited  to  alteration  in  cartilage  signal.  Typical 

early  findings  include  heterogeneous  increased 
cartilage  signal  on  FS  T2WI.  In  the  wrist  the 
coronal  plane  is  best  for  evaluating  cartilage.  As 
the  disease  progresses  there  are  additional 
findings  on  MRI,  including  cartilage  fissures  and 
eventually  full-thickness  defects.  Concurrently, 
as  cartilage  abnormalities  increase  in  severity, 
changes  in  the  underlying  subcortical  bone 
develop.  This  begins  as  mild  subcortical  marrow 
edema  seen  on  FS  T2WI,  often  in  a roughly 
symmetric  pattern  across  both  sides  of  the  joint 
line.  Later  stages  of  OA  result  in  subcortical 
geode  fonnation.  subchondral  sclerosis,  and 
marginal  osleophyte  formation. 


Comments 

The  current  gold  standard  for  evaluation  of  wrist 
caitilage  is  arthroscopy.  The  reported  sensitivity 
and  specificity  of  MRI  in  detecting  wrist  articular 
cartilage  pathology  currently  vary  widely.  Wrist 
cartilage  may  be  abnonnal  for  a variety  of 
reasons,  including  osteoarthritis,  inflammatory 
arthropathy,  and  trauma.  Patients  with 
abnormal  wrist  cartilage  may  complain  of 
wrist  pain. 


OA  is  a disease  characterized  by  loss  of  joint 
function  and  increased  joint  pain,  all  secondary 
to  cartilage  destruction  with  changes  in  the 
underlying  bone.  OA  is  generally  a progressive 
disease  strongly  associated  with  increased 
prevalence  with  increased  age.  Many  factors 
contribute  to  the  development  of  OA.  including 
normal  aging,  diet,  physical  activity,  obesity,  and 
heredity.  Unusual  activity  such  as  may  be  seen 
in  certain  occupations  can  result  in  early  OA. 
Traumatic  joint  injuries  will  also  often  result  in 
early  OA. 


(continued  on  page  118) 
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Flg.4.30  Coronal  fat-suppressed  T2- weighted  imaging  shows  normal 
gray  signal  cartilage  along  aortical  articular  surface  of  tile  wrist  Arrows 
are  at  the  cartilage  surfaces  of  the  distal  radius  and  opposite  die 
scaphoid  carpal  bone. 


Flg.4.31  Coronal  fat-suppressed  T2- weighted  imaging  shows  severe 
radiocarpal  Joint  spaoe  narrowing*  small  subcortical  geodes  In  the  distal 
radius,  and  degenerative  reactive  marrow  edema  in  die  distal  radius 
and  scaphoid. 


Fig.  432  Coronal  fat-suppressed  12 -weighted  imaging  from  a second 
patient  shows  narrowed  intercarpal  joint  spaces  with  subcortical 
geodes  and  reactive  degenerative  marrow  edema.  There  Is  also  a laige 
scapholunate  tear  (airow). 
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Table  4.6  (Cont.)  Arthritis  of  the  wrist 

Abnormalities  MRI  findings  Comments 


Rheumatoid  ardiritis  (RA) 
(►  Fig.  4.33) 


On  FS  T2WI  a variety  of  different  high  signal 
abnormalities  can  be  found,  including  bone 
erosions,  synovial  proliferation  often  associated 
with  complex  mixed  signal  joint  effusion,  bursal 
collections,  and  tenosynovitis.  On  postoontrast 
FS  T1WI  there  is  usually  obvious  enhancement 
corresponding  to  these  tones  of  abnormal 
increased  signal  on  FS  T2WI.  MRI  may  be  most 
useful  in  follow-up  evaluation  of  patients  with 
known  RA.  MRI  readily  identifies  tones  of  active 
inflammation  as  areas  of  abnormal  increased 
enhancement  on  postcontrast  FS  T1  Wl.  Serial 
follow-up  radiographs  may  not  demonstrate  any 
interval  changes. 


RA  is  a systemic  inflammatory  disease  of 
synovium  that  often  results  in  radiographically 
obvious  bony  destruction.  The  small  hand  and 
feet  joints  are  most  commonly  affected.  RA 
occurs  more  frequently  in  women  (3:1).  Patients 
complain  of  symmetric  joint  pain  and  swelling, 
usually  in  the  hands  and  feet  RA  is  associated 
with  several  laboratory  abnormalities,  including 
positive  serum  rheumatoid  factor  (RF),  positive 
antinuclear  antibody  (ANA),  and  positive  cyclic 
citrullinated  peptide  (CCP)  antibody.  There  are  a 
variety  of  new  drugs  used  to  treat  RA,  broadly 
known  as  biologies,  which  include  Enbril  and 
Remicade.  These  drugs  have  had  a dramatic 
impact  on  the  treatment  of  RA,  although  they 
do  have  side  effeCte,  particularly  related  to 
immune  compromise. 
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FTg.4.33  (a)  Axial  fat-suppressed  T2 -weighted  imaging  (FS  T2WI)  shows  diffuse  flleuor  and  extensor  tenosynovitis,  (b)  Coronal  FS  Tl-weighted 
Imaging  (T1WI)  postcontrast  shows  diffuse  enhandng  synovhls  and  enhancing  erosion  In  the  radial  aspect  of  die  lunate  (arrow),  (c)  Axial  FS  T1WI 
shows  diffuse  synovial  thickening,  (d)  Axial  FS  T1WI  postcontrast  shows  diffuse  synovial  enhancement,  (e)  Coronal  proton  density-weighted  imaging 
from  a second  patient  shows  erosions  of  tile  scaphoid  and  tiiquetrum  (arrows),  (f)  Coronal  FS  T1WI  posteontrast  from  tile  same  patient  shows 
enhancing  erosion  In  the  triquetrum  (arrow)  and  diffuse  heterogeneous  synovial  enhancement. 


4.6.1  Arthritis  of  the  Wrist 
Suggested  Reading 

[1]  &*ikmag|e  P,  Tan  AL  What  magnate  resonance  Imaging  has  lold  us  about 
the  pathogenesis  of  rheumatoid  arthritis-the  first  50  yean.  Arthritis  Res 
Ther  2008;  10:222 


[2]  Navalho  M,  Resende  C,  Rodrigues  AM,  et  al  ©fLaffiral  MR  imaging  of  the  hand 
and  wrist  in  earty  and  very  eariy  Inflammatory  arthritis:  tenosynovitis  Is 
aoorialed  with  progresum  to  rheumatoid  arthritis.  Radiology  2012;  264: 
823-823 

[3]  Wfebec  MA,  von  Stiilfried  F,  Ktoth  JK,  Rehnitz  C.  Cartilage  Imaging  of  the  hand 
and  wrist  using  3-T  MRL  Semin  Muculosketet  Radiol  2012;  16: 71-87 
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5 The  Hand 

Eric  R Weinberg 

5.1  Ligament  Injuries  of  the  Hand 

• Normal  collateral  ligaments  and  tears 

• Ulnar  collateral  ligament  tear  of  the  thumb 
(gamekeeper's  thumb) 


Table  5.1  Ligament  injuries  of  the  hand 

Abnormalities  MRI  findings 

Normal  collateral  ligaments  and  tears  On  both  proton  density-weighted  imaging 

(»  Fig.  5.1)  (PDWI)  and  fat-suppressed  T2-weighted  imag- 

ing (FS  T2WI)  all  ligaments  of  the  hand  are  low 
signal  linear  bands,  which  normally  traverse 
both  the  ulnar  and  radial  side  of  each  joint. 
When  there  is  a ligament  tear  it  may  be  partial 
or  complete.  On  FS  T2WI  a partial  tear  is  seen  as 
thickening  and  increased  signal  in  a portion  of 
the  ligament,  usually  at  its  proximal  or  distal 
attachment.  A complete  ligament  tear  is  seen  as 
discontinuity  or  complete  detachment  of  the 
ligament  from  its  bony  connection.  This  is  often 
associated  with  high  signal  in  the  adjacent  soft 
tissues  on  FS  T2Wi.  There  may  also  be  fluid 
collection/hemonhage  at  the  site  of  ligament 
tear.  Adjacent  marrow  edema  or  even  small 
avulsion  fractures  are  possible.  The  coronal 
plane  is  best  for  identifying  collateral  ligament 
injuries  of  the  fingers. 


Comments 

Proximal  interphalangeal  (PIP)  joint  ligaments 
are  more  commonly  injured  than  other  locations 
in  the  fingers.  The  radial  collateral  ligaments  are 
also  more  commonly  injured.  Athletes  involved 
in  contact  sports  such  as  basketball  and  football 
are  more  commonly  affected.  Distinction 
between  partial  and  complete  tears  of  the 
collateral  ligaments  is  important  in  determining 
treatment.  Surgery  is  often  not  needed  even  in 
complete  tears,  joint  stiffness  is  a major 
potential  complication  of  these  injuries. 


(continued  on  page  124) 
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Fig.  5.1  (a)  Coronal  fast  spin-echo  (FSE)  T2  imaging  shows  fifth  proximal  interphalangaal  (PIP)  joint  proximal  radial  collateral  ligament  tear  (arrow)  and 
partial  tear  of  die  fifth  ulnar  collateral  ligament  at  die  fifth  PIP.  (b)  Coronal  proton  density-weighted  Imaging  shows  a fifth  radial  collateral  ligament 
tsar  at  die  fifth  PIP  joiint  proxlmally  (arrow)  and  paitlal  tsar  of  the  fifth  ulnar  aollateral  ligament  at  the  fifth  PIP  joint 
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Table  5.1  (Cont.)  Ligament  Injuries  of  the  hand 


Abnormalities 

Ulnar  collateral  ligament  tear  of  die  thumb 
(gamekeeper's  tiiumb) 

(►  Fig.  5.2;  ► Fig.  5.3;  ► Fig.  5.4;  ► Fig.  5.5) 


MRI  findings 

The  normal  first  metacarpophalangeal  (MCP) 
joint  ulnar  aollateral  ligament  (UQJ  has  the 
same  appearance  on  magnetic  resonance 
imaging  (MRI)  as  any  other  ftnger  aollateral 
ligament,  a well-defined  low  signal  band  seen 
on  both  PDWI  and  F5  T2WI.  UCL  tears  at  the 
first  MCP  Jolint  may  be  pardal  or  complete  and  In 
a minority  of  cases  may  be  associated  with  a 
bony  avulsion  fracture  fragment  Similar  to  the 
aollateral  ligaments  at  other  Joints  In  the  fingers 
tears  are  seen  as  partial  or  aomplete  disruption 
of  tii e ligament  and  may  be  associated  with 
surrounding  edema  or  hemonhage  In  tiie 
ad  jaaent  soft  tissues  as  well  as  edema  in 
adjacent  bone  marrow.  An  important  special 
subset  of  first  UCL  tears  is  the  Stener  lesion.  On 
MRI  tills  Is  seen  as  retraction  and  dlsplaaement 
of  tiie  UCL  such  that  there  is  interposition  of  the 
adductor  aponeurosis  between  die  tom  liga- 
ment and  the  bone.  The  classic  MRI  appearanae 
is  referred  to  as  the  yo-yo  on  a sbing.  Ihe 
*sb‘ing"  is  tiie  adductor  aponeurosis  and  the 
•yo-yo"  Is  die  balled-up  tom  and  retracted 
aollateral  ligament.  Ihe  aoronal  plane  is  best  for 
identifying  UCL  injuries  of  the  thumb.  However, 
special  cane  Is  needed  to  properly  obtain  this 
plane  because  It  Is  coronal  to  die  tiiumb  and  not 
aoronal  to  the  other  four  digits. 


Comments 

UCL  tsars  of  tiie  thumb  ane  easily  Identified  on 
hlgh-field  MRI  scanners.  Determining  If  die 
patient  has  a Stener  lesion  is  not  always  easy. 
This  Is  tiie  bey  distinction  that  the  refenlng 
clinician  Is  looking  for.  In  die  subset  of  first  UCL 
tears,  which  are  in  fact  Stener  lesions,  prompt 
diagnosis  and  surgical  treatment  are  needed. 

In  die  Stener  lesion  die  adductor  aponeurosis  Is 
deep  to  die  tom  UCL  ligament  preventing 
nonsurgical  haaling  because  die  aponeurosis  is 
now  between  the  ligament  and  die  bone. 

The  UCL  tear  of  die  tiiumb  is  usually  secondary 
to  abduction  injury.  This  is  now  most  aommonly 
seen  In  skiers  who  fall  while  holding  skf  poles. 
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Fig.  5.2  (a)  Coronal  fat-suppressed  12- weighted 
imaging  (F5 12WI)  shows  a proximal  ulnar 
aollateral  ligament  (UCL)  tear  with  Interposition 
of  tiie  palmar  aponeurosis  between  tiie  UCL  and 
its  bony  attachment  site  (anow).  (b)  Coronal 
proton  density-weighted  imaging  shows 
a proximal  UCL  tear  with  Interposition  of  die 
palmar  aponeurosis  between  die  UCL  and  its 
bony  attachment  site  (arrow). 


Fig.  53  (a)  Coronal  fat-suppressed  12- weighted 
imaging  (FS  T2WI)  shows  a proximal  ulnar 
aollateral  ligament  (UCL)  tear  with  Interposition 
of  tiie  palmar  aponeurosis  between  tiie  UCL  and 
its  bony  attachment  site  (arrow),  (b)  Coronal 
proton  density-weighted  Imaging  shows  a prox- 
imal ua  tear  wltii  Interposition  of  the  palmar 
aponeurosis  between  tiie  Ud  and  its  bony 
attachment  site  (anow). 


124 


TheHand 


Rg.  5.4  (a)  AAfefDpcafcerior  radiograph  of  the  thumb  shows  a small  avulsion  fracture  at  tile  base  of  tile  first  proximal  phalanx,  (b)  Coronal  proton 
density-weighted  Imaging  shows  a thickened  ulnar  collateral  ligament  (UO.)  still  attached  to  the  avutsed  bony  fragment  arising  from  the  ulnar  aspect 
of  tiie  first  proximal  phalanx  (arrow),  (c)  Coronal  fat-suppressed  T2- weighted  Imaging  (FS  T2WI)  shows  a thickened  UQ  still  attached  to  the  avulsed 
bony  fragment  arising  from  the  ulnar  aspect  of  tile  first  proximal  phalanx. 


Flg.5.5  (a)  Coronal  fat  saturation  12-weighted 
imaging  shows  a tear  of  tile  ulnar  collateral 
ligament  (UCL)  dlstally  (arrow).  There  Is  also  a 
bone  brulte  In  the  distal  first  metacarpal,  (b) 
Coional  proion  density-weighted  imaging  shows 
a distal  UCl  tear  (arrow). 
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5.1 .1  Ligament  Injuries  of  the  Hand 
Suggested  Reading 

[1]  QavmjjA.  Alomar  X,  ManlD  JM,  et  aL  MR  imaging  of  ligament  and  tendon 
injuries  of  the  fingers.  Radiographic  2002;  22: 237-256 


[2]  Oeadty  LH.  Salonen  D.  Siding  and  snmvboaifting  (qfurio:  a review  with  a 
focus  on  enrrhanism  of  injury.  Radiol  din  North  Am  2010;  48: 1113-1124 

[3]  Lehman  M,  Vasenius  J,  Kivisaari  A,  Kivisaari  L MR  imaging  in  chronic  rupture 
of  the  ulnar  mllatEral  ligament  of  the  thumb.  Acta  Radiol  2001;  42: 10-14 
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5.2  Tendon  Lesions  of  the  Hand 

• Tenosynovitis 

• Tendon  tears 

• Flexor  annular  pulley  tears 

• Volar  plale  injuries 


Table  5.2  Tendon  lesions  of  the  hand 

Abnormalities 

MRI  findings 

Comments 

Tenosynovitis 
( Fig.  5.6) 

On  fat-suppressed  T2- weighted  imaging  (FS 
T2WI)  tenosynovitis  is  seen  as  circumfeiential 
bright  signal  fluid  around  the  affected  tendon. 
There  is  often  increased  signal  seen  within  the 
substance  of  the  tendon.  There  may  also  be 
thickening  of  the  tendon.  On  post-contrast 
images  there  is  often  enhancement  around  and 
within  the  affected  tendon(s).  This  is  best  seen 
on  axial  images.  Normal  tendons  may  have 
small  amounts  of  fluid  in  the  tendon  sheath  as 
well  as  internal  foci  of  increased  signal  on  FS 
T2WI. 

Inflammation  of  tendons  may  commonly  be 
secondary  to  chronic  overuse  and  inflammatory 
arthritis.  Infection  is  also  possible. 

(continued  on  page  128) 
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Rg.  5.6  (a)  Axial  proton  density-weighted  Imaging  (PDWI)  shows  Increased  signal  surrounding  the  proximal  third  flexor  tendons  (arrow),  (b)  Axial  fat- 
suppressed  T2-welghted  Imaging  (F5  T2WI)  shows  Increased  signal  fluid  surrounding  the  proximal  third  flexor  tendons  (arrow),  (c)  Axial  PDWI  shows 
increoed  signal  in  the  mid/distal  third  flexor  tendon  sheath  (arrow),  (d)  Axial  F5  T2WI  shows  increased  signal  fluid  surrounding  the  mid/distal  third 
flexor  tendon  shaath  (arrow). 
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Table  5.2  (Cont)  Tendon  lesions  of  the  hand 


Abnormalities  M RJ  findings 

Comments 

Tendon  tears  Tears  of  die  tendons  may  be  partial  or 

(►  Fig.  5.7;  ► Fig.  5.&  Fig.  5.9)  complete,  this  distinction  can  be  made  witii 

MRJ.  Partial  tears  are  seen  as  partial  dis- 
continuity of  dark  (low  signal)  linear  tendon  on 
both  F5  T2W1  and  proton  density^weighted 
Imaging  (PDWI).  There  may  or  may  not  be 
Increased  fluid  within  die  tendon  sheatii,  seen 
as  bright  signal  surrounding  the  remnant  of 
Injured  tendon.  Complete  tendon  tsars  are  seen 
as  a gap  of  vaiiable  length  between  die  tom 
tendon  ends.  Complete  tears  can  be  seen  best 
on  axial  and  sagittal  planes.  In  die  gap  between 
the  tom  ends  there  Is  loss  of  uniform  low  signal 
on  both  PDWI  and  FS  T2WI  witii  eitiier 
Intermediate  signal  material  (granulation  tissue) 
or  bright  signal  fluid  seen  at  the  tsar  site  on 
F5T2WI. 

Most  tendon  tears  in  die  fingers  involve  die 
extensors.  The  extensor  tendons  are  more 
susceptible  to  lacerations.  When  a tendon  tear  Is 
complete  determining  die  size  of  die  gap 
between  die  tom  and  retracted  tendon  ends 
provdes  an  important  piece  of  infonnation  for 
die  referring  clinician.  When  die  gap  Is  large 
approximating  the  tom  tendon  ends  will  not  be 
possible,  and  a tendon  graft  interposed  between 
die  tom  ends  wfll  be  needed. 

(continued  on  page  130) 
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Fig.  5.7  (a)  Axial  proton  density-weighted 
imaging  (PDWI)  shows  a high-grade  partial  tear 
of  die  fifth  superficial  fle»r  and  rupture  of  die 
fifth  deep  flexor,  (b)  Axial  fat-suppressed  T2- 
weighbed  imaging  (FS  T2WI)  shows  a high-grade 
partial  tear  of  die  fifth  superficial  flexor  and 
rupture  of  die  fifth  deep  flexor,  (c)  Coronal  FS 
72WI  shows  a few  remnant  fibers  of  the  fifth 
floor  tendon  (arrow),  (d)  Coronal  POWI  shows  a 
few  remnant  fibers  of  the  fifth  flexor  tendon 
(arrow). 
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Fig.  5.8  (a)  Coronal  fat-suppressed  T2-welghted 
imaging  (F5  T2WI)  shows  rupture  of  the  third 
superficial  Hoior  tendon  (arrow),  (b)  Axial  FS 
T2WI  from  a second  patient  shows  absent 
superficial  fourth  flexor  tendon  with  edema  in 
the  flexor  tendon  sheath,  (c)  Sagittal  FS  F2WI 
from  the  same  patient  shows  a ruptured  fourth 
superficial  flexor  tendon,  (d)  Corresponding 
sagittal  proton  density-weighted  imaging  shows 
a ruptured  fourth  superficial  flexor  tendon. 


if 
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Fig.  5 J9  (a)  Axial  fat-suppressed  T2 -weighted 
imaging  (F5  T2WI)  shows  absent  extensor 
tendons  (arrow),  (b)  Coronal  F5  T2WI  shows 
transected  second  through  fifth  extensor  ten- 
dons. (c)  Coronal  F5  T2WI  shows  a large  gap 
between  tom  ends  of  die  second  through  fifth 
extensor  tendons,  (d)  Sagittal  proton  density- 
weighted  imaging  from  a second  patient  shows 
rupture  of  die  fifth  extensor  tendon  (arrow). 

(e)  Corresponding  FS  T2WI  shows  lupture  of  the 
fifth  extensor  tendon  (arrow). 
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Table  5.2  (Cont.)  Tendon  lesions  of  the  hand 
Abnormally  es 

Flexor  annular  pulley  tears 
(i  Fig.  5.10) 


MRI  findings 

On  both  axial  PDWI  and  FS  T2WI  the  normal 
flexor  pulley  ligament  system  is  visualized  as  an 
angled  black  band  on  each  side  of  the  flexor 
tendon,  which  connects  the  tendon  with  the 
adjacent  bone.  Normally  there  is  very  little 
space  between  the  flexor  tendons  of  the  digits 
and  the  bones  of  the  fingers.  Direct  visualization 
of  pulley  rupture  is  seen  on  axial  images  as 
disruption  of  the  angled  dark  band  connecting 
the  bone  to  the  tendon.  This  may  occur  on  the 
radial  or  ulnar  side  of  the  tendon  or  may  involve 
both  sides.  The  classic  indirect  sign  of  pulley 
rupture  is  bowstringing.  This  is  best  seen  on 
sagittal  images  and  is  caused  by  separation  of 
the  flexor  tendon  from  the  bone  such  that  the 
appearance  is  that  of  a bow.  This  occurs  when 
both  ulnar  and  radial  sides  of  the  pulley  are 
disrupted.  When  one  side  of  the  pulley  is  tom 
the  tendon  will  often  sublux  toward  the  intact 
pulley.  Additional  associated  findings  include 
marrow  edema  in  adjacent  bone  and  joint 
effusion.  These  injuries  can  be  subtle,  and 
careful  comparison  to  adjacent  normal  digits  is 
often  helpful. 


Comments 

The  pulley  system  of  the  finger  flexor  tendons  is 
a focal  tendon  sheath  thickening.  The  pulley 
system  is  referred  sequentially  as  A1  to  A4  with 
the  A2  segment  the  most  commonly  injured. 
Eaily  diagnosis  is  important  to  prevent 
complications  such  as  flexion  contracture.  These 
injuries  are  often  associated  with  significant  pain 
and  swelling  at  the  site  of  injury,  which  can  limit 
accurate  physical  exam.  Treatment  may  be 
conservative  or  may  require  surgical  repair. 


(continued  on  page  132) 


130 


TheHand 


\ 

\ 

A 


Fig. 5.10  (a)  Axial  proton  density-weighted 
imaging  (POWI)  shows  heterogeneous  increased 
signal  In  the  medial  A1  pulley  (arrow)  medially 
with  lateral  subluxatfon  of  the  flexor  tendons, 
(b)  Axial  fat-suppressed  12-weighted  imaging  (F5 
T2WI)  shows  Increased  signal  In  die  medial  A1 
pulley  medially  wf  tii  lateral  subluxatfon  of  the 
flexor  tendons  (arrow),  (c)  Coronal  F5  T7W1  from 
die  same  patient  shows  a partial  tsar  and  edema 
In  the  radial  collateral  ligament  (RCL).  There  Is 
also  bone  contusion  in  the  distal  1st  metacarpal, 
(d)  Coronal  POWI  shows  a partial  tear  in  the 


first  ACL 
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Table  5.2  (Cont)  Tendon  lesions  of  the  hand 


Abnormalities 

MRI  findings 

Comments 

Volar  plats  injuries 
(►  Fig.  5.11) 

On  both  PDWI  and  F5  T2WI  tire  injured  volar 
plate  will  have  heterogeneous  signal,  abnormal 
•ontour,  and  thickening.  When  there  Is  avulsion 
of  tli  e volar  plate  a gap  is  seen  at  the  bony 
attachment  When  there  is  volar  plate  avulsion 
high  signal  flluld  is  often  seen  at  the  site  of 
detachment  along  with  marrow  edema  In  the 
adjacent  bone.  Volar  plate  injuiies  can  occur  at 
the  proximal  or  distal  attachment. 

Vblar  plate  injuries  most  commonly  occur  at  the 
proximal  interphalangeal  (PIP)  joints.  There  is 
often  pain  and  swelling  at  the  PIP  joint  Some 
volar  plate  Injuries  are  associated  with  small 
bony  avulsion  fractures.  Injuries  to  the  adjacent 
flexor  tendon  and  collateral  ligaments  can  also 
be  seen.  Hyperextension  Injury  is  the  usual 
cause. 

TV 


Fig.  5.11  Sagittal  fat-suppressed  T2-welghted  Imaging  shows  an 
avulsed  tom  volar  plate  at  the  first  proximal  phalanx  (arrow).  Nate  high 
signal  fluid  between  the  tom  avulsed  volar  plate  and  the  adjacent 
proximal  phalanx.  There  Is  also  mild  marrow  edema  In  the  volar 
proximal  portion  of  the  first  proximal  phalanx. 
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5.2.1  Tendon  Lesions  of  the  Hand 
Suggested  Reading 

[1]  Qavero  JA,  Alomar  X.  Monill  JM,  et  aL  MR  imaging  of  ligament  and  lendon 
injuries  of  the  fingers.  Radiographics  2002;  22:  237-256 


[2]  ParehadaJ  A,  Salkissoon  ARA.  Hayes  CW,  Conway  WF.  Bowstring  injury  of  the 
flejor  lendon  pulley  system:  MR  imaging.  AJR  Am  J Roentgenol  1996;  167: 
347-349 

[3]  Tehianzadeh  J,  Ashikyan  0,  Anavim  A.  Ttamma  S.  Enhanced  MR  imaging  of 
tenosynovitis  of  hand  and  wrist  in  inflammatory  arthritis.  Skeletal  Radiol 
2006;  35:  814-822 
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5.3  Foreign  Body,  Infection,  and 
Stress  Fractures 

• Foreign  body 

• Cellulitis 


• Osteomyelitis 

• Stress  fracture  (hand  miscellaneous) 


Table  5.3  Foreign  body.  Infection,  and  stress  fractures 

Abnormalities 

MRJ  findings 

Comments 

Foreign  body 

(►  Fig.  5.12r  ► Fig.  5.13) 

Foreign  bodies  have  a variable  appearance  on 
MRI  depending  on  their  eomposition.  Most 
foreign  bodies  are  uniformly  low  signal  on  all 
sequenees  obtained.  Metallic  foreign  bodies  are 
associated  with  magnetic  susceptibility  artifacts, 
which  can  be  highlighted  wfth  gradient  echo 
sequenees.  Wood,  plastic,  and  glass  are  com- 
mon  foreign  bodies  in  the  hand  and  will  be  seen 
as  low  signal  on  all  pulse  sequences.  Fluid 
eollections  or  granulation  tissue  or  both  are 
often  associated  with  foreign  bodies;  when 
there  Is  predominantly  fluid  tills  will  be  seen  as 
high  signal  on  fat-suppressed  12-welghted 
imaging  (FS  T2WI).  Granulation  tissue  is  ofbm 
heterogeneous  Intermediate  signal  on  both 
proton  density-weighted  Imaging  (PDW1)  and 

FS  T2WI  and  will  usually  enhance  to  some 
degree  on  postaontrast  Images.  Postaontrast  FS 
T1WI  Is  often  helpful  In  Identifying  associated 
soft  tissue  infection. 

The  hand  is  a common  location  for  a variety  of 
foreign  bodies.  MRI  can  be  a valuable  tool  for 
Identifying  radiographically  occult  foreign  bod- 
ies. MRI  Is  also  usefol  In  Identifying  associated 
infection  and  injuries,  including  fractures  and 
tendon  tears.  After  Imaging  identification  of 
foreign  bodies,  surgical  removal  Is  usually 
sb  aightforwaid. 

Cellulitis 
(►Fig.  5.14) 

On  FS  T2WI  there  Is  Ill-defined  Increased  signal 
in  the  soft  tissues,  which  has  a eorresponding 
low  signal  on  PDWI  and  enhancement  after 
Intravenous  eontnast  on  FS  Tl-welghted  Imag- 
ing (T1  Wl).  Soft  tissue  abscess  is  usually  a 
defined  fluid  signal  eollection,  high  on  FST2WI, 
low  on  PDWI,  and  without  evidence  for  Internal 
enhaneement  on  postaontrast  FS  T1  Wl. 
Abscesses  often  have  increased  enhancement 
peripherally. 

Soft  tissue  Infection  In  the  hand  can  occur  as 
cellulitis,  abscess,  and  septic  arthritis.  There  can 
also  be  infection  of  tendon  sheaths.  Sterile  and 
infected  tenosynovitis  cannot  be  distinguished 
by  MRI.  Soft  tissue  infection  of  the  hand  can 
spread  rapidly  between  compartments  and 
along  tendon  sheaths.  Soft  tissue  infection 
of  the  hand  requires  rapid  diagnosis  and 
treabnent 

(continued  on  page  136) 


Fig.  5.12  (a)  Sagittal  gradient  recall  echo  Image 
shows  a low  signal  linear  sliver  of  wood  traversing 
the  hypothenar  soft  tissues  and  nearly  reaching 
the  fifth  metacarpal,  (b)  Axial  fat-suppressed  T2- 
welghted  Imaging  shows  edema  In  die  volar  soft 
tissues  deep  to  the  fifth  metacarpal.  The  foreign 
body  is  not  well  seen. 
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Fig.  5.13  (a)  Sagittal  fat-suppressed  T2  weighted  Imaging  (FS 12WI)  shows  a vitamin  E capsule  along  die  dorsum  of  die  hand  marldng  die  area  of 
concern.  Just  proximal  to  the  skin  ma doer  is  a subcutaneous  low  signal  plastic  foreign  body  from  a plastic  fork  (arrow),  (b)  Axial  FS  T2WI  image  shows  a 
round,  low  signal  foreign  body  adjacent  to  die  radial  aspect  of  the  third  extensor  lendon  (arrow).  An  additional  foreign  body  is  seen  adjacent  to  the 
second  extensor  tendon  (arrow),  (c)  Coronal  FS  T2WI  shows  low  signal  foreign  bodies  adjacent  to  die  extensor  tendons  (arrows). 


Flg.5  .14  (a)  Axial  Unweighted  imaging  (TIWl)  shows 
diffuse  low  signal  in  the  dorsal  aspect  of  die  second  digit, 
(b)  Axial  fat-suppressed  (FS)  T1WI  shows  diffuse  Interme- 
diate signal  in  die  dorsal  portion  of  the  second  digit  (c) 
Axial  FS  TIWl  postcontrast  shows  diffuse  enhancement  in 
die  dorsal  portion  of  die  second  digit,  which  Indudes  die 
extensor  tendon  and  tendon  sheath,  (d)  Sagittal  FS  TIWl 
poskonbast  shows  diffuse  enhancement  of  the  dorsal 
poition  of  die  second  digit,  which  Indudes  die  second 
extensor  tendon  and  tendon  sheath.  Findings  are  due  to 
cellulitis  with  infected  tenosynovitis. 
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Table  5.3  (Cont)  forekpi  body.  Infection,  and  stress  fractures 


Abnormalities 


MRJ  findings 


Comments 


Osteomyelitis 
(►  Fig.  5.15) 


Stress  fracture  (hand  miscellaneous) 
(►  Rg.  5.16) 


MRI  of  osteomyelitis  has  a range  of  appear- 
ances. Often  die  Initial  Finding  on  MRI  consists 
of  bone  marrow  edema  with  low  signal  seen  on 
T1WI  and  high  signal  on  FS 12WI,  with 
enhanaement  on  FS  T1WI  with  aontrast.  There 
may  also  be  evictawe  of  cortical  destruction  and 
periosteal  reaction.  If  there  Is  an  Intraosseous 
absaess  there  Is  low  signal  on  T1WI  and  high 
signal  on  F5  T2WI  with  peripheral  enhanaement 
on  F5  T1W1.  in  some  cases  a sinus  tract  will  be 
seen,  with  aommunlcation  of  die  marrow  spaae 
through  a aortical  defect  to  the  skin  surfaoe. 
The  appearance  Is  usually  low  signal  on  T1WI 
and  high  signal  on  FS  T2WI  with  enhanaement 
of  die  sinus  tract  periphery. 


Stress  fractures  of  the  hand  have  a similar 
appearanae  on  MRI  to  stress  fractures  In  other 
parts  of  tite  body.  On  F5  T2WI  high  signal  Is 
seen  within  die  marrow  space  of  die  affected 
bone.  Corresponding  low  signal  Is  seen  on 
PDWI.  Periosteal  reaction  may  or  may  not  be 
present.  Low  signal  fracbjre  lines  may  also  be 
seen  In  more  advanced  cases.  These  may  or  may 
not  extend  to  involve  die  aortical  bone.  Long- 
axis  sagittal  plane  Images  are  often  helpful  to 
quickly  determine  the  overall  extent  of  the 
abnormality. 


Osteomyelitis  may  be  acute,  subacute,  or 
chronic.  Typically,  osteomyelitis  will  develop  via 
tii ree  possible  routes;  hematogenous  seeding, 
direct  Implantation,  and  aontlguous  spraad  from 
adjacent  soft  tissues.  The  MRI  appearance  of 
osteomyelitis  is  affected  by  both  the  route  of 
Infection  and  dironlclty.  in  hematogenous 
seeding  the  appearance  and  location  of  infec- 
tion is  abo  dependent  on  patient  age.  In 
children  there  is  a predilection  for  involvement 
of  the  metaphysls  of  long  bones  and  apophysis 
of  flat  bones.  This  Is  due  to  the  nature  of  the 
blood  supply  to  the  metaphysls  In  children. 
Extension  Into  the  epiphysis  Is  not  uncommon. 
In  certain  joints,  such  as  the  hip  and  shoulder, 
septic  arthritis  Is  also  more  likely.  Staphyhaxrus 
aureos  Is  the  most  eommon  organism  affecting 
children,  in  the  skeletally  mature  patient  hema- 
togenous seeding  b typically  found  In  the 
subchondral  portion  of  long  bones;  as  a result 
septic  arthritis  b not  uncommon.  in  aontlguous 
spread  there  b soft  tissue  infection,  which 
spreads  to  adjacent  periosteum  and  eventually 
to  bone.  Debilitated,  diabetic,  and  patients  on 
steroids  are  most  eommonly  affected.  In  dliect 
Implantation  a puncture  wound  Is  usually  the 
cause  of  Infection.  Examples  indude  human  and 
animal  bites,  surgeiy.  and  open  fracture.  Most 
patients  with  infection  secondary  to  direct 
Implantation  have  both  soft  tissue  and  adjacent 
bony  Infection. 

Upper  extremity  stress  fractures  are 
uncommon.  lhere  are  several  typical  activities 
in  which  these  injuries  do  occur.  Including  high 
level  gymnastics,  tennis,  and  Jackhammer 
operation.  In  die  absence  of  accurate  clinical 
information  the  interpreting  radiologist  may 
confuse  die  findings  of  sb*ess  fracbjre  with  more 
ominous  entities  such  as  Ewing  sarcoma.  After 
appropriate  rest  from  tire  inciting  activity, 
follow-up  MRI  will  show  interval  Improvement 
with  decreased  bone  marrow  edema. 


Flg.5.15  (a)  Axial  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  shows  high  signal  In  the  fourth  middle  phalanx  wfth  surrounding  high  signal 
periosteal  reaction,  (b)  Sagittal  F5 12WI  shows  high  signal  In  the  middle  and  distal  fourth  proximal  phalanx  and  fourth  middle  phalanx,  (c)  Axial 
F5  T2WI  shows  high  signal  in  the  fourth  proximal  phalanx  with  surrounding  high  signal  periosteal  reaction  and  extension  into  the  subcutaneous 
soft  tissue. 
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Fig. 5. 16  (a)  Sagittal  fat-suppressed  T2-wdglited 
imaging  (FS  T2WI)  shows  a diffusely  increased 
signal  In  die  second  metacarpal,  (b)  Axial  F5 
T2WI  shows  Increased  signal  In  the  medullary 
portion  of  the  seoond  metacarpal.  There  is  also 
Increased  signal  In  die  periosteum  and  sur» 
rounding  soft  dssues.  (c)  Sagittal  proton  density- 
weighted  imaging  (P0W1)  shows  diffuse  low 
signal  in  the  second  metacarpal,  (d)  Axial  PDWI 
reveals  low  signal  in  the  medullaiy  portion  of  the 
second  metacarpal  witii  no  evidence  of  aordcal 
fracture. 


.3.1  Foreign  Body,  Infection,  and 
tress  Fractures  Suggested  Reading 

[1]  Bali  us  R»  Pedret  C Gslruch  A,  Hcroindcz  C,  Rni A,  Mota  i Stress 
fractures  of  the  cn«a*aipal  bones  in  adolescent  tennis  pliers:  a case  serio. 
Am  J Sports  Med  2010;  30: 1215-1220 

[2]  Kom<vich  L,  Katz  K,  Hgrev  G,  Zeharia  A,  Mukamd  M.  focaMza- 

don  o f a foreign  body  by  magnetic  raonance  imaging.  Eur  J Rad  tol  1 998 ; 26: 
309-311 


[3]  Helms  GA.  M^jor  NM>  Anderson  MW,  Kaplan  RA.  Dusault  R.  MusoitaMetal 
Infections,  In:  Helms  CA,  Major  NM,  Andersun  MW,  Kaplan  PA,  Dussault 
R.  Musculoskeletal  MRL  2nd  ed.  Philadelphia,  PA;  Saunrlere  Elsevier; 
2009:92-102 

[4]  Ndson  EW.  DeHart  MM,  Christensen  AW,  Smith  DK.  Magnate  resonance 
Imaging  characteristics  of  a lead  pencil  foreign  body  in  the  hand.  J Hand  Sucg 
Am  1996;  21: 100-103 
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5.4  Soft  Tissue  Lesions  of  the 
Hand 

• Giant  cel)  tumor  of  tendon  sheath  (nodular  type) 

• Soft  tissue  lipoma 


• Soft  tissue  hemangioma 

• Hypothenar  hammer  syndrome 


Table  5.4  Soft  tissue  lesions  of  the  hand 


Abnormalities 

Giant  cell  tumor  of  tendon  sheath  (nodular 
type) 

(►  Fig.  5.17) 


Soft  tissue  lipoma 
(►  Rg.  5.18) 


Soft  tissue  hemangioma 
(►  Fig.  5.19) 


MRI  findings 

These  lesions  are  ovoid  with  well-defined 
margins.  On  proton  density-weighted  imaging 
(PDWI)  these  lesions  are  low  to  intermediate 
signal  and  on  fat-suppressed  T2-welghted 
Imaging  (F5 12  Wl)  they  are  Intermediate  to  high 
signal.  There  may  be  small  zones  of  low  signal 
on  F5  T2WI  representing  foci  of  hemosiderin. 
On  postcontrast  Images  there  is  enhaneement, 
which  may  be  uniform  or  heterogeneous. 
Erosion  of  adjacent  bone  may  oecur  In  some 
cases. 

Soft  tissue  lipomas  may  or  may  not  be  intra- 
muscular and  are  usually  well  defined.  These 
tumors  follow  normal  fat  signal  on  all  MRI  pulse 
sequences.  On  occasion  there  may  be  a few 
thin,  low  signal  septatlons.  On  postoontrast 
Images  there  Is  often  no  enhaneement  with  the 
exception  of  mild  enhancement  of  thin  internal 
septations. 

Soft  tissue  hemangiomas  of  the  cavernous  type 
have  a variable  appearanae  on  MRI.  On  PDWI 
these  lesions  are  usually  low  to  Intermediate 
signal  with  some  linear  zones  of  inaeoed 
signal,  which  may  be  due  to  fat  incorporated 
within  die  lesion  or  slow  flow  within  veins.  On  F5 
12 Wl  there  Is  heterogeneous  Increased  signal.  In 
the  arteriovenous  type  dilated  veins  with  flow 
voids  may  be  present.  Hemorrhage  and  phle- 
boliths  may  be  present.  On  postaontrast  images 
there  is  usually  prominent  enhancement  On 
time-resolved  magnetic  resonanae  angiography 
(MRA)  there  Is  often  early  arterial  phase  flow 
seen  within  these  lesions. 


Comments 

The  hand  and  wrist  are  the  most  common 
locations  for  these  tumors.  Most  lesions  are 
painless,  slowly  growing,  firm  masses  attached 
to  die  tendon  sheath.  In  some  cases  patarts  will 
have  mild  pain  with  activity.  Diffuse  type  giant 
aell  tumor  is  uncommon  in  the  hand.  Nodular 
lesions  are  benign  and  commonly  treated  with 
surgery.  Postsurglcal  recurrence  Is  more  •om- 
mon  when  there  is  invasion  of  adjacent  bone. 
Malignant  giant  sell  tumors  of  the  tendon 
sheath  are  rare. 

Lipoma  b the  most  common  tumor  of  soft 
tissue.  The  hand  and  wdst  are  the  least  eommon 
locations.  Most  lipomas  are  painless  and  easily 
palpated  on  physical  exam.  Most  lipomas  are 
treated  conservatively,  with  surgery  reserved  for 
tumors  with  decreased  range  of  motion  or 
disfigurement  lipomas  with  more  aggressive 
atypical  features  may  also  be  removed. 

Soft  tissue  hemangiomas  are  benign  lesions 
considered  to  represent  a vascular  hamartoma. 
These  lesions  may  be  found  in  subcutaneous 
soft  tissue  or  In  an  Intramuscular  location.  Most 
hemangiomas  are  tabulated,  well  circumscribed 
lesions.  Hemangiomas  are  the  fourth  most 
•ommon  soft  tissue  tumor.  These  lesions  are 
most  common  in  the  hand.  If  the  lesion  is  dose 
enough  to  the  skin  surface  there  may  be  a blue 
discoloration  visible  on  physical  exam.  Most 
hemangiomas  are  asymptomatic,  although 
intramuscular  lesions  may  be  associated  with 
pain  after  exercise.  Very  large  cavernous  hem- 
angiomas may  be  otobated  with  platelet 
deficiency  and  congestive  heart  failure  (Kasa- 
bach-MeiTltt  syndrome).  Multiple  soft  tissue 
hemangiomas  eombined  with  enchondromas  of 
tlie  digits  is  referred  to  as  Maffuaci  syndrome. 


(continued  on  page  140) 


Fig.  5.17  (a)  Axial  fat-suppressed  (F5)  T1- 
weighted  imaging  shows  a mixed  contrast  signal 
mass  In  the  flexor  compartment  (b)  Sagittal  F5 
12-weighted  imaging  shows  a low  mixed  low 
signal  mass  superficial  to  the  flexor  tendon. 
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Fig. 5. 18  (a)  Axial  fat-suppressed  Tl-welghted 
imaging  (FS  T1WI)  shows  a tabulated  mass  in  the 
volar  soft  tissue,  which  Is  Isointense  to  fat  (b) 
Axial  FS  T2-weighted  Imaging  shows  a tabulated 
mass  in  tii  e volar  soft  tissues  with  uniform  fat 
saturation,  (c)  Axial  FS  TI  Wl  without  contrast 
shows  a tabulated  mass  In  the  volar  soft  tissues 
with  uniform  low  signal,  (d)  Axial  FS  T1WI  after 
intravenous  contrast  revoals  no  enhancement  in 
the  tabulated  volar  soft  tissue  mass. 
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Fig,  5.19  (a)  Coronal  fat-suppressed  T2 -weighted  imaging  (FS  T2WI)  shows  tabulated  soft  tissue  masses  with  heterogeneous  increased  signal,  (b) 
Coronal  Tl-weighted  imaging  (T1WI)  shows  tabulated  intennediate  signal  masses,  (c)  Coronal  FS  T1WI  posteontrast  shows  heterogeneously 
enhancing  masses,  (d)  lime-resolved  Imaging  of  contrast  kinetics  (1RICM5)  magnetic  resonance  angiography  (MRA)  shows  multiple  arterial  phase, 
lobulated,  heterogeneously  enhancing  masses,  (e)  TRICMS  MRA  in  late  arterial  phase/early  venous  phase  shows  increased  enhancement  of  multiple 
lobulated  masses. 
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Table  54  (Cant)  Soft  tissue  lesions  of  the  hand 


Abnormalities 

MRI  findings 

Comments 

Hypothenar  hammer  syndrome 
(►  Fig.  5.20) 

On  POWI  tiiere  Is  heterogeneous  Increased 
signal  seen  in  a thickened  ulnar  arteiy,  at  die 
level  of  die  Guyon  canal.  On  F5  T2WI  tiiere  is  a 
heterogeneous-signal  nodular  lesion  seen  In  the 
expected  location  of  the  palmar  ulnar  artery.  On 
posteontrast  images  tiiere  is  low  signal  seen 
•entially  within  die  thrombosed  ulnar  arteiy 
and  enhancement  of  the  arterial  wall  and 
adjacent  connective  tissue.  Time-resolved  con- 
trast-enhanced MRA  Is  also  useful  In  delineating 
the  location  of  thrombosis  and  evaluating  for 
the  possibility  of  emboli  to  downstream  digital 
arteries. 

This  Is  an  uncommon  syndrome  In  which  tiiere 
is  thrombosis  of  the  palmar  ulnar  artery  and 
possibly  emboli  to  digital  arteries  resulting  in 
symptomatic  Ischemia.  Most  cases  are  unilateral 
and  oocur  in  individuals  with  particular  occupa- 
tions, sudi  as  jackhammer  opeiators. 

Fig.  5.20  (a)  Axial  proton  density-weighted 
imaging  shows  a thickened  palmar  ulnar  artery 
with  heterogeneous  signal  (arrow),  (b)  Axial  fat- 
suppressed  (FS)  T2weighted  Imaging  shows  a 
thickened  palmar  ulnar  artery  with  edema 
(arrow),  (c)  Axial  FS  Tl^weighted  imaging  post- 
aontrast  shows  a thickened  palmar  ulnar  arteiy 
with  peripheral  arterial  wall  enhancement  and 
central  thrombosis  (arrow),  (d)  Time-resolved 
Imaging  of  contrast  kfnetiac  magnetic  resonance 
angiography  reveals  thrombosis  of  the  distal 
ulnar  arteiy  at  die  level  of  die  palmar  arch 
(arrow). 


140 


The  Hand 


5.4.1  Soft  Tissue  Lesions  of  the  Hand 
Suggested  Reading 

[1]  Blum  AG,  Zabel  JP,  Kohlmann  R,  etal.  Pathologic  conditions  of  the  hypothenar 
eminence:  evaluation  with  multidethctur  CT  and  MR  imaging-  Radiographics 
2006;  26: 1021-1044 

|2|  Connell  DA,  Koulouris  G,  Thom  DA,  Potter  HG.  Contrast-enhanced  MR  angi- 
ography of  the  hand.  Radiographics  2002;  22:  583-599 

[3]  Giant  cell  tumor  of  the  tendon  sheath  and/or  soft  tissue  (also  referred  to  as 
nodular  tenosynovitis,  fibrous  xanthoma,  tenosynovial  giant  fell  tumor,  and 


benign  synovioma)  (A30).  In:  Meyeis  SP,  ed.  MR1  of  Bone  and  Soft  llssue 
TUmors  and  lUmorlike  Lesions,  Differential  Diagnosis  and  Atlas.  1st  ed. 
Stuttgart.  Germany:  Hiieme;  2007:469-475 

[4]  Hemangiomas  (also  referred  to  as  Vascular  Hamartomas)  (A34).  In:  Meyers 
SP.  MR1  of  Bone  and  Soft  Tissue  Itimors  and  TUmorlike  Lesions,  Differential 
Diagnosis  and  Adas.  1st  ed.  Stuttgart,  Germany:  Thieme;  2007:  491-492, 
496-499 

[5]  lipoma,  atypical  lipoma,  and  hibernoma  (A43).  In:  Meyers,  SP,  ed.  MR1  of 
Bone  and  Soft  Ussue  hunors  and  l\imorlilae  Lesions,  Differential  Diagnosis 
and  Atlas.  1st  ed.  Stuttgart,  Germany:  Thieme;  2007:  543-549 
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6 The  Hip 

Eric  R Weinberg 

6.1  Bone  Lesions  of  the  Hip 

• Avascular  necrosis  (AVN) 

• Transient  osteoporosis 

• Subcortical  insufficiency  fractures 

• Femoral  stress  (fatigue)  fractures 

• Femoral  neck  fractures 

• Intertrochanteric  fractures 


• Acetabular  fractures 

• Pubic  rami  fractures 

• Avulsion  fractures  of  the  ischial  tuberosity 

• Legg-Calve-Perthes  (LCP)  disease 

• Slipped  capital  femoral  epiphysis  (SCFE) 

• Developmental  dysplasia  of  the  hip  (DDH) 

• Rapid  osteolysis 


Table  6.1  Bone  lesions  ofthe  hip 
Abnormalities 

Avascular  necrosis  (AVN) 

(*  Fig.  6.1) 


Transient  osteoporosis 
(►  Fig.  6.2) 


MRI  findings 

The  appearance  of  AVN  on  magnetic  resonance 
imaging  (MRI)  depends  on  when  the  patient  is 
imaged.  Most  cases  of  AVN  are  seen  as  diffuse 
high  signal  on  fat-suppressed  T2-weighted 
imaging  (FS  T2WI),  and  on  Tl-weighted  imag- 
ing (T1WI)  there  is  usually  a sharply  defined 
curvilinear  serpiginous  band  of  low  signal 
surrounding  variable  signal  marrow.  Over  time 
high  signal  seen  on  FS  T2WI  is  more  localized  to 
the  anteiior  superior  femoral  head.  Eventually 
there  may  be  flattening  and  subchondral 
collapse  of  the  femoral  head.  Coronal  images 
depict  these  findings  to  better  advantage.  The 
amount  of  weight-bearing  surface  of  the 
femoral  head  that  is  abnormal  has  important 
prognostic  significance,  with  greater  involve- 
ment indicating  worsened  prognosis. 


On  FS  T2WI  there  is  diffuse  high  signal  edema 
involving  the  femoral  head  and  neck  with 
corresponding  diffuse  bw  signal  on  T1  Wl.  Signal 
abnormalities  often  extend  into  the  intertro- 
chanteric region  of  the  femur.  On  postcontrast 
FS  T1  Wl  there  is  abnormal  enhancement,  which 
corresponds  to  the  signal  abnormality  seen  on 
FS  T2WI.  Variable-size  joint  effusion  is  also  often 
noted.  Findings  are  unilateral  with  no  involve- 
ment of  the  opposite  hip.  There  are  no 
serpiginous  low  signal  lines  on  any  imaging 
sequence,  and  there  is  no  evidence  for  low 
signal  line  of  a subcortical  fracture. 


Comments 

AVN  of  the  hip  is  reported  to  occur  bilaterally  in 
up  to  40%  of  patients.  Therefore,  both  hips 
should  be  imaged  when  there  is  a question  of 
AVN.  Patients  usually  present  with  intermittent 
groin  pain  that  will  typically  worsen  over  time. 
Weight  bearing  generally  results  in  increased 
pain.  There  are  many  reported  possible  causes 
of  AVN,  with  more  common  etiologies  being 
idiopathic  or  resulting  from  trauma,  use  of 
steroids,  or  alcoholism.  Trauma  is  the  most 
common  cause  of  AVN.  Eariy  diagnosis  and 
treatment  of  AVN  is  important.  Some  of  these 
treatments  include  core  decompression,  rota- 
tional osteotomy,  and  vascularized  bone  graft. 
Late  diagnosis  can  result  in  significant  compli- 
cations, inciuding  femoral  head  flattening  and 
fragmentation,  which  ultimately  may  require  hip 
replacement  surgery.  Differential  diagnostic 
considerations  include  transient  osteoporosis 
and  subchondral  insufficiency  fracture  of  the 
femoral  head. 

Transient  osteoporosis  is  a self-limited  abnor- 
mality that  spontaneously  resolves,  usually 
within  9 months.  Patients  present  with  rapid 
worsening  pain  in  the  inguinal  region,  buttock, 
or  anterior  thigh.  Transient  osteoporosis  is  an 
idiopathic  disorder  that  occurs  in  patients 
without  risk  factors  for  AVN.  Most  patients  are 
either  pregnant  women  in  the  third  trimester  or 
middle-aged  men.  Treatment  is  nonsurgical  with 
protected  weight  bearing  and  nonsteroidal  anti- 
inflammatory drugs. 


(continued  on  page  146) 
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Fig,  6.1  (a)  Coronal  T1 -weighted  imaging  (riWI)  shows  a sharply  defined  cuivlllnear  band  of  low  signal  In  die  femoral  head  with  adjacent 
heterogeneous  low  signal.  Note  die  femoral  head  contour  remains  normal,  (b)  Coronal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  shows  a 
curvilinear  band  of  low  signal  in  die  femoral  head  with  adjacent  patchy  high  signal  marrow  edema,  which  extends  into  die  intertrochanteric  region  of 
die  proximal  femur,  (c)  Coronal  FS  T2WI  from  a second  patient  shows  more  extensive  edema  with  extension  into  die  Intertrochanteric  region. 

(d)  Coronal  proton  density-weighted  Imaging  (POWl)  from  the  same  patient  shows  ao  Responding  heterogeneous  aones  of  low  signal  In  die  femoral 
head,  neck,  and  inteitrodianbeiic  regions.  The  femoral  head  contour  is  still  grossly  maintained,  (e)  Coronal  FS  T2WI  from  a thiid  patent  shows  more 
advanced  changes  of  avascular  necrosis,  including  eaily  collapse  of  the  femoral  head  with  some  flattening  of  die  femoral  head  contour.  Large  Joint 
effusion  Is  also  present  (f)  Coronal  P0W1  from  die  same  patient  shows  some  collapse  of  die  femoral  head  wltii  flattening  of  the  superior  femoral 
head  eontour. 


Fig.6.2  (a)  Coronal  Tl-weighted 
Imaging  shows  diffuse  low  signal 
edema  in  die  femoral  head, 
neck,  and  proximal  Intertro- 
dianterlc  region,  (b)  Coronal  fat- 
suppresed  12-weighted  imag- 
ing shows  corresponding  diffuse 
high  signal  edema  in  the  femoral 
head.  nedc.  and  proximal  inter- 
trochanteric region. 


145 


The  Hip 


Table  6.1  (Cont.)  Bone  lesions  of  the  hip 


Abnormalities 

MRI  findings 

Comments 

Subcortical  insufficiency  fractures 
(i  Fig.  6.3) 

On  T1  Wl  there  is  linear  low  signal  seen  in  a 
subcortical  location,  which  may  closely  parallel 
the  articular  surface.  There  is  surrounding 
marrow  edema  extending  beyond  the  margins 
of  the  fracture,  which  may  be  extensive.This  is 
low  signal  on  T1  Wl  and  high  signal  on  FS  T2WI. 

Insufficiency  fractures  occur  in  abnormal 
osteopenic  bone  that  has  been  subjected  to 
normal  stress.  Most  patients  are  female,  older 
than  65,  and  overweight.  Patients  present  with 
hip  pain  and  some  difficulty  in  weight  bearing. 
Imaging  of  the  entire  pelvis  is  recommended 
because  insufficiency  fractures  may  also  involve 
the  sacium  and  pubic  rami. 

Femoral  stress  (fatigue)  fractures 
(!  Fig.  6.4) 

The  MRI  appearance  of  a proximal  femur  stress 
fracture  depends  on  the  stage  at  which  the 
abnormality  is  imaged.  In  eaily  stress  injuries 
there  may  only  be  mild  subcortical  high  signal 
edema  in  marrow  on  FS  T2WI.  This  is  usually 
seen  in  the  femoral  neck  and  intertrochanteric 
region  and  is  often  in  the  medial  portion  of  the 
femur.  As  the  injury  progresses  there  is  perios- 
teal reaction  followed  by  linear  subeordcal  low 
signal  fracture  seen  on  both  FS  T2WI  and  proton 
density-weighted  imaging  (PDWI).  Ultimately 
there  can  be  cortical  fracture,  which  mayor  may 
not  be  displaced. 

MRI  is  the  most  accurate  imaging  method  for 
detecting  all  types  of  stress  fractures  of  the 
proximal  femur.  Stress  fractures  are  injuries  that 
occur  when  normal  bone  is  subjected  to 
abnormal  str  esses.  The  classic  example  is  the 
long-distance  runner.  Patients  typically  present 
with  groin  or  hip  pain  and  pain  that  worsens 
with  weight  bearing.  Early  diagnosis  of  proximal 
femur  stress  fractures  is  needed  to  return  the 
athlete  to  sport  as  soon  as  possible  and  to 
prevent  the  injury  from  progressing  to  a cortical 
fracture. 

Femoral  neck  fractures 
( Fig.  6.5) 

MRI  is  the  most  sensitive,  accurate  method  for 
detecting  fractures  of  the  femoral  neck.  Femo- 
ral neck  fractures  are  sometimes  radiographi- 
cally occult.  On  FS  T2WI  there  is  high  signal 
marrow  edema  centered  on  the  femoral  neck 
and  corresponding  low  signal  on  PDWI.  On  both 
FS  T2WI  and  PDWI  there  is  often  a low  signal 
line  surrounded  by  marrow  edema  indicating 
the  presence  of  fracture.  The  adjacent  cortex 
may  or  may  not  be  involved,  and  the  presence 
or  absence  of  any  bony  displacement  is  variable. 
MRI  is  particularly  useful  when  there  is  an 
incomplete  fracture  with  no  cortical  involve- 
ment. 

Femoral  neck  fractures  typically  occur  in  elderly 
patients  after  sustaining  minor  trauma.  Symp- 
toms include  hip  and  groin  pain  with  difficulty  in 
weight  bearing.  In  the  setting  of  negative  hip 
radiographs  and  clinical  history  of  injury  in  an 
older  patient,  MRI  examination  of  the  hip  should 
be  performed.  This  can  be  of  a limited  nature 
such  that  coronal  images  are  obtained.  The  goal 
of  early  accurate  diagnosis  is  to  prevent  an 
incomplete  fracture  from  progressing  to  a 
completed  and  displaced  cortical  fracture 
requiring  hip-pinning  surgery.  Early  diagnosis 
and  treatment  also  decrease  the  incidence  of 
femoral  head  AVN. 

Intertrochanteric  fractures 

Intertrochanteric  fractures  may  be  radiographi- 
cally occult.  This  is  paiticulariy  true  for 
incomplete  intertrochanteric  fractures,  which 
involve  the  greater  trochanter  and  intertro- 
chanteric bone  but  do  not  involve  the  medial 
cortex.  On  FS  T2WI  there  is  high  signal  marrow 
edema  in  the  intertrochanteric  portion  of  the 
proximal  femur,  which  surrounds  linear  low 
signal.  On  PDWI  there  is  corresponding 
low  signal  man  ow  edema,  which  surrounds 
the  lower  signal  fracture  line.  There  may  or  may 
not  be  associated  cortical  fracture,  and  fracture 
displacement  is  variable. 

Intertrochanteric  fractures  of  the  femur  are 
most  commonly  seen  in  older  osteoporotic 
patients.  Most  patients  have  a history  of  recent 
minor  injury  such  as  slipping  or  falling.  Patients 
complain  of  severe  hip  pain  and  are  unable  to 
bear  weight  or  move  the  affected  limb  without 
extr  eme  pain.  Treatment  for  most  patients 
consists  of  open  reduction  internal  fixation.  In 
some  patients  with  incomplete  fractures  surgery 
may  not  be  indicated. 

(continued  on  page  148) 
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Ffg.63  (a)  Coronal  fat-supprosed  T2- 
weightsd  imaging  shows  a low  signal  band 
near  to  and  roughly  parallel  to  the  ace- 
tabular eorlex  with  adjacent  high  signal 
marrow  edema,  (b)  Coronal  Tl-weighted 
imaging  shows  a low  signal  band  near  to 
and  roughly  parallel  to  the  acetabualar 
•ortex  widi  adjacent  low  signal 
marrow  edema. 


Fig.  6.4  (a)  Coronal  fat-suppressed  T2-welghted 
imaging  shows  a linear  low  signal  in  the  medial 
aspect  of  tile  intertrochanteric  portion  of  tile  femur 
widi  adjaaent  extensive  high  signal  marrow  edema. 
There  Is  no  aorttcal  fiacture.  (b)  Coronal  proton 
density-weighted  imaging  shows  subtle  linear  low 
signal  In  tiie  medial  Intertrochanteric  portion  of  the 
femur  (arrow)  wftii  adjacent  low  signal 
marrow  edema. 


Fig.  6.5  (a)  Coronal  fat-suppressed  T2-welghted  Imaging  shows  a curvilinear  low  signal  traversing  tiie  femoral  neck  widi  adjacent  high  signal  marrow 
edema.  No  eordcal  fiacture  Is  seen,  (b)  Coronal  proton  density-weighted  imaging  (PDWI)  shows  a curvilinear  low  signal  traversing  tiie  femoral  neck 
widiout  evidence  for  cortical  fiacture.  (c)  Anteroposterior  radiograph  of  tiie  left  hip  from  tiie  same  patient  is  widiout  evidence  of  fracture.  This  is 
therefore  a radiographically  occult  hip  fracture,  which  Is  not  unaommon  In  older  patients. 
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Table  6.1  (Cont.)  Bone  lesions  of  the  hip 

Abnormalities  MRI  findings  Comments 


Acetabular  fractures 
(►  Fig.  6.6) 


Pubic  rami  fractures 
(►  Fig.  6.7) 


Avulsion  fractures  of  the  ischial  tuberosity 


In  most  patients  MRI  is  not  needed  to  identify 
an  acetabular  fracture.  Multislice  computed 
tomography  (CT)  is  the  imaging  modality  of 
choice  for  evaluating  the  acetabulum.  However, 
on  occasion  there  may  be  an  acetabualar 
fracture  that  is  occult  on  both  radiographs  and 
CT  scans.  These  fractures  may  be  incomplete  or 
nondisplaced.  On  FS  T2WI  theie  is  high  signal 
marrow  edema  surrounding  a low  signal  line 
seen  within  the  acetabulum.  On  PDWI  there  is 
low  signal  marrow  edema  surrounding  the 
lower  signal  fracture  line.  The  cortex  is  usually 
fractured  though  not  in  all  cases. 

On  FS  T2WI  there  is  high  signal  seen  focally 
within  the  affected  pubic  rami,  low  signal 
fracture  line  is  often  seen  surrounded  by  high 
signal  edema.  Extensive  callus  fonnation  is  often 
seen  if  the  injury  is  subacute.  High  signal  edema 
may  also  be  seen  in  adjacent  muscles.  On  PDWI 
there  is  corresponding  low  signal  edema  sur- 
rounding lower  signal  linear  fracture. 


On  FS  T2WI  there  is  a gap  between  the  ischial 
tuberosity  and  inferior  pubic  ramus.  In  this  gap 
there  is  high  signal  edema  or  hematoma  or 
both.  There  is  also  likely  some  high  signal 
marrow  edema  in  the  displaced  bony  fragment 
and  the  adjacent  portion  of  the  inferior  pubic 
ramus.  On  PDWI  there  is  corresponding  low 
signal  seen  in  the  involved  portions  of  bone  and 
in  the  gap  formed  between  the  inferior  pubic 
ramus  and  displaced  ischial  tuberosity.  In  some 
cases  there  may  be  a variable  amount  of  bony 
fragmentation  of  the  ischial  tuberosity,  which  is 
seen  to  better  advantage  on  PDWI.  The  axial 
plane  is  best  for  identifying  this  type  of  injury.  In 
chronic  cases  there  is  often  callous  formation. 


Most  acetabualar  fractures  result  from  severe 
trauma  such  as  motor  vehicle  injuries.  There  are 
many  possible  acetabular  fracture  types,  and  a 
full  discussion  is  beyond  the  scope  of  this  book. 
The  most  common  type  of  acetabular  fracture 
involves  the  posterior  wall.  Most  fractures  of  the 
acetabulum  result  in  hip  instability  and  require 
surgical  fixation.  Some  posterior  wall  fractures 
can  be  treated  conservatively. 


Most  pubic  rami  fractures  are  due  to  stress 
injuiies.  In  athletes,  often  long-distance  runners, 
these  injuries  are  due  to  increased  repetitive 
stress  in  normal  bone  (fatigue  fracture).  In  older 
patients,  often  with  osteoporosis,  these  injuries 
are  due  to  normal  stress  in  abnormal  bone 
(insuf  Rciency  fracture).  Other  causes  of  pubic 
rami  fractures  include  prior  pelvic  radiation  and 
trauma.  In  the  case  of  trauma,  particularly  in 
older  patients,  these  fractures  may  be  associ- 
ated with  femoral  neck  fr  actures  and  sacral 
fractures.  In  acute  trauma  the  concept  of  the 
bony  ring  applies  to  rami  fractures  such  that 
often  both  the  superior  and  inferior  rami  on  the 
same  side  will  be  fractured.  Patients  with  pubic 
rami  fractures  often  present  with  hip  and  groin 
pain,  which  cannot  be  clinically  distinguished 
from  hip  fractures. 

The  ischial  tuberosity  is  an  apophysis  and  is 
most  commonly  avulsed  in  skeletally  immature 
athletes.  In  particular  this  injury  is  seen  in  soccer 
players.  In  adults  bony  avulsion  is  less  common, 
and  there  is  often  more  severe  injury  of  the 
conjoint  tendon  of  the  hamstrings,  which 
attaches  to  the  ischial  tuberosity.  Patients  with 
acute  avulsion  fractures  typically  present  with 
sudden  onset  of  pain,  which  occurs  during  the 
causative  sport  or  activity.  Treatment  is  usually 
nonsurgical  unless  the  gap  between  the  bones  is 
greater  than  2 cm. 


(continued  on  page  150) 
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Fkg.6.6  (a)  Axial  proton  density-weighted 
imaging  shows  a well-defined  fracture 
through  the  posterior  acetabulum.  (b) 
Axial  fat-suppressed  T2-welghted  Imaging 
shows  a well-defined  high  signal  fracture 
line  through  the  posterior  aoetabulum. 
Note  several  high  signal  bone  contusions 
wldiln  die  femoral  head. 


Fig.  6.7  (a)  Coronal  fat-suppressed  T2 -weighted  imaging  (FS  T7WI)  shows  a vertical  linear  low  signal  fracbire  (arrow)  in  the  right  pubic  ramus  with 
surrounding  marrow  edema,  (b)  Corresponding  coronal  proton  density-weighted  Imaging  shows  a low  signal  fracbire  line  (arrow),  (c)  Axial  FS  T2WI 
shows  diffuse  marrow  edema  in  the  right  inferior  pubic  ramus,  (d)  Axial  FS  T2WI  shows  diffuse  marrow  edema  in  the  right  superior  pubic  ramus,  (e) 
Axial  FS  T2WI  shows  an  anterior  acetabular  fr  acture  to  better  advantage  (arrow). 
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Table  6.1  (Cont.)  Bone  lesions  of  the  hip 
Abnonrttlttle* 

Legg-Calv£-Perthes  (LCP)  disease 
( Fig.  6.8) 


Slipped  capital  femoral  epiphysis  (SCFE) 
(►  Fig.  6.9) 


Developmental  dysplasia  of  the  hip  (DDH) 
(►  Fig.  6.10) 


MRI  findings 

The  MRI  findings  In  LjCP  disease  are  variable  and 
depend  on  which  phase  of  the  disease  is 
imaged.  In  the  necrotic  phase  of  the  disease  on 
both  T1  Wl  and  PDWI  there  is  low  to  interme- 
diate signal  in  the  proximal  femoral  epiphysis, 
which  can  be  focal  or  diffuse.  On  FS  T2WI  there 
is  heterogeneous  increased  signal  seen  fbcallyor 
diffusely  within  the  proxiimal  femoral  epiphysis. 
In  some  patients  a curvilinear  subchondral 
hyperintensity  may  be  seen  in  the  anterior 
superior  portion  of  the  femoral  head  indicating 
a subchondral  fracture.  On  postcontrast  FS 
T1  Wl  there  is  variable  enhancement  of  the 
proximal  femoral  epiphysis,  which  can  range 
fiom  no  enhancement  to  focal  aones  of  no 
enhancement.  Other  findings  may  include 
thickened  articular  cartilage  with  abnormal 
signal  and  flattening  of  the  articular  surface  of 
the  femoral  head.  Joint  effusion  and  synovitis 
may  also  be  present.  In  the  revascularization 
and  reparative  phases  of  LjCP  disease  the 
appearance  of  the  proximal  femoral  epiphysis  is 
variable.  On  FS  T2WI  revasculariaed  portions  of 
the  femoral  head  are  high  signal  intensity,  and 
on  postcontrast  FS  T1WI  demonstrate  high 
signal  enhancement,  which  can  persist  if 
delayed  images  are  obtained.  In  some  patients 
there  can  be  fragmentation  of  the  epiphysis, 
and  each  fragment  may  demonstrate  different 
signal  characteristics  indicating  varying  phases 
of  the  disease.  In  some  patients  there  may  also 
be  abnormal  signal  and  configuration  of  the 
proximal  femoral  physis.  The  physis  may  dem- 
onstrate increased  undulation,  cysts,  and  trans- 
physeal  bony  bridging  (bars). 

On  FS  T2WI  high  signal  marrow  edema  is  often 
present  on  both  sides  of  the  physis.  There  is 
disruption  of  the  physis  with  variable  to  minimal 
displacement  of  the  femoral  epiphysis.  There  is 
disruption  of  the  periosteum  laterally  and 
buckling  of  the  periosteum  medially.  Joint 
effusion  and  synovitis  are  also  often  present.  In 
more  chronic  cases  there  may  be  remodeling  of 
bone.  In  some  patients  follow-up  imaging  may 
reveal  spontaneous  reduction  of  the  slipped 
epiphysis. 

The  MRI  findings  in  DDH  depend  on  the  age  of 
the  patient  at  the  time  of  imaging  and  vary 
widely  with  the  degree  of  severity.  For  the 
purposes  of  this  discussion  findings  in  patients 
with  late  presentation  will  be  addressed  On  all 
imaging  sequences  an  elongated  acetabular 
labrum  is  a typical  finding  along  with  a shallow 
acetabulum.  On  FS  T2WI  there  is  increased 
intrasubstance  signal,  often  with  irregularity  and 
Assuring  of  the  margins  of  the  labrum.  Abnor- 
mal signal  and  morphology  are  also  seen  at  the 
labral  chondral  transition  zone.  On  FS  T2WI 
there  are  often  high  signal  fissures  and  clefts. 
There  may  also  be  chondral  thinning  and 
subchondral  cyst  formation.  These  findings  are 
often  more  accurately  defined  with  postarthro- 
graphic  FS  T1WI.  On  these  images  high  signal 
contrast  may  be  seen  entering  into  caitilage 
defects  and  clefts.  Full-thickness  cartilage 
defects  may  also  be  seen. 


Comments 

LCP  disease  is  a type  of  idiopathic  osteonecrosis 
of  the  proximal  femoral  epiphysis  that  typically 
occurs  in  children  ages  2 to  14.  The  peak  age  of 
onset  is  5 to  6 years,  with  boys  affected  up  to 
five  times  more  frequently  than  girls.  Most  cases 
are  unilateral,  with  approximately  15%  of 
patients  having  bilateral  disease.  Patients  com- 
plain of  hip  pain  and  may  have  a limp.  Younger 
patients  with  LCP  have  a better  prognosis  than 
patients  diagnosed  at  an  older  age.  Early 
diagnosis  is  important  so  that  prompt  treatment 
may  begin.  MRI  is  often  helpful  in  establishing 
an  eaily  diagnosis  because  radiography  may  be 
normal  in  early-stage  ICP  disease.  MRI  is  also 
helpful  in  rejecting  other  possible  diagnoses, 
including  sickle  cell  disease,  complications  of 
corticosteroids,  Gaucher  disease.  Juvenile 
chronic  arthritis,  and  epiphyseal  dysplasia.  MRI 
findings  are  also  important  in  establishing  an 
accurate  disease  prognosis.  MRI  accurately 
identifies  the  extent  and  location  of  femoral 
head  necrosis,  which  is  closely  related  to  patient 
outcome.  Foitunately.  60  to  70%  of  patients 
with  LCP  disease  will  spontaneously  resolve 
without  long-term  complications.  In  the  minor- 
ity of  patients  who  do  not  make  a full  recovery 
the  major  complication  is  early-onset  osteo- 
arthritis related  to  abnormal  shape  of  the 
femoral  head. 


Most  patients  with  SCFE  present  with  hip  pain. 
The  ability  or  inability  to  bear  weight  on  the 
affected  hip  is  a key  clinical  finding,  and  those 
patients  that  are  unable  to  bear  weight  are 
considered  to  have  instability.  These  patients 
often  go  on  to  surgical  inten/ention.  SCFE  often 
results  from  a fall  and  is  considered  a Salter- 
Harris  type  I fracture.  MRI  is  often  needed  to 
determine  the  severity  of  the  SCFE  so  that 
proper  treatment  may  be  given. 

DDH  represents  a broad  spectrum  of  disease. 
The  severity  of  this  disease  ranges  from  hip 
instability,  anatomical  dysplasia,  to  hip  disloca- 
tion. The  most  severe  form,  hip  dislocation, 
presents  in  the  eaily  neonatal  period.  Less 
severe  forms  of  DDH  may  be  occult  and  present 
in  young  adults  as  hip  pain  with  early  changes  of 
osteoarthritis.  In  the  occult  form  of  DDH  there  is 
a shallow  acetabulum,  which  may  be  unstable. 
Patients  with  mild  DDH  that  are  not  diagnosed 
may  progress  to  eaily  osteoardiiritis  and  subse- 
quent early  hip  replacement. 


(continued  on  page  152) 
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Fig,  &8  (a)  Coronal  proton  density-weighted  imaging  from  a magnetic  resonance  imaging  (MR!)  aithrogram  shows  a flattened  femoral  capital 
epiphysis.  There  Is  also  undulation  of  die  physls.  (b)  Coronal  fat-suppressed  T2 -weighted  Imaging  from  an  MRJ  arthrogram  shows  a flattened  femoral 
articular  surface  and  Irregular  acetabular  caitilage.  (c)  Coronal  two-dimensional  reformat  from  a hip  eomputed  tomographic  scan  shows  a flattened 
femoral  articular  surface. 


Fig.  6.9  (a)  Coronal  fat-suppressed  T2- weighted  Imaging  shows  a mild  marrow  edema  on  both  sides  of  the  proximal  femoral  physls.  (b) 
Anteroposterior  (AP)  radiograph  from  a second  patient  showing  disruption  of  the  physls  wfth  extensive  slipping  of  the  femoral  capital  epiphysis,  (c)  AP 
radiograph  shows  tile  postoperative  appearance  of  a treated  slipped  capital  femoral  epiphysis. 


a 


Fig.  6.10  (a)  Coronal  proton  density-weighted  Imaging  (PDWI)  shows  a shallow  right  acetabulum  wfth  an  elongated  acetabular  labrum  (arrow),  (b) 
Coronal  fat-suppressed  T2-welghted  Imaging  from  a second  patient  shows  a shallow  acetabulum  and  an  elongated  labrum  (arrow),  (c)  Coronal  PDW! 
shows  a shallow  acetabulum  and  an  elongated  acetabular  labrum. 
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Table  6.1  (Cont)  Bone  lesions  of  the  hfc> 

Abnormalities 

MRI  findings 

Comments 

Rapid  osteolysis 
(►  Fig.  6.11) 

MRI  findings  in  rapid  osteolysis  are  variable  and 
depend  on  the  stage  of  the  disease.  In  general 
them  Is  heterogeneous  low  signal  on  T1WI  and 
heterogeneous  high  signal  on  FS  12WI  in  the 
femoral  head  and  adjacent  soft  tissues.  The 
signal  changes  are  lllsly  related  te  vaiylng 
degrees  of  neovasculaiity  In  the  affected  bone 
and  soft  tissue.  On  postcontiast  FS  T1WI  there 

Is  oFten  strong  enhancement 

Rapid  osteolysis,  also  known  as  Gorham-Stout 
disease,  is  an  Idiopathic  disoider  that  results  In 
progressive  massive  spontaneous  resorption  of 
bone.  Patients  are  usually  young  and  often 
asymptomatic.  Ihe  most  commonly  involved 
sites  are  the  shoulder,  pelvic  girdle,  and  skull. 
Patients  may  not  present  until  there  has  been  a 
pathological  fracture.  The  disease  Is  character- 
ized by  Increased  benign  vascular  proliferation  In 
bone  with  associated  fibrous  stroma  and  often 
fatty  changes  In  die  bone.  The  disease  course  Is 
unpredictable  and  In  some  patients  may  spon- 
taneously slop,  whereas  In  others  there  Is 
progression. 

Fig. 6.1 1 (a)  Coronal  Tl-welghted  Imaging 
shows  advanced  changes  of  osteolysis  with 
destruction  of  the  femoral  head  and  low 
signal  In  the  femoral  neck,  which  extends 
Into  the  Intertrochanteric  region,  (b)  Cor- 
responding coronal  fat-suppressed  T2- 
welghted  Imaging  (FS  T2W1)  shows 
destruction  of  die  femoral  head  and  high 
signal  In  the  femoral  neck  and  Intertro- 
chanteric regions,  (c)  Axial  computed 
tomographic  scan  from  a second  patient 
with  rapidly  destructive  osteoarthritis 
shows  extensive  destruction  of  the  femoral 
head  and  neck  wfth  bony  erosions,  which 
are  not  featured  In  rapid  osteolysis,  (d) 
Coronal  FS  T2WI  from  the  same  patient 
shows  erosions  of  the  femoral  head  and 
neck  with  moted  aones  of  high  signal 
edema  and  complex  joint  effusion  with 
synovial  proliferation. 
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6.2  Lesions  of  the  Hip  Joint 

• Lesions  of  cartilage 

• Lesions  of  the  ligamentum  leres 


• Femoroacetabular  impingement 

• Osteoarthritis  (OA) 

• Rheumatoid  arthritis  (RA) 


Table  6.2  Lesions  of  the  hip  joint 
Abnormalities  MRI  findings 

Lesions  of  cartilage  The  normal  hip  has  cartilage  covering  the  femoral  head  with 
(i  Fig.  6.12)  the  exception  of  the  fovea  capitis.  The  normal  acetabulum 

also  has  cartilage  covering  it  with  the  exception  of  the  supra- 
acetabular  fossa,  which  is  located  near  the  1 2 o'clock 
position.  Normal  cartilage  is  of  intermediate  signal  on  fat- 
suppressed  T2-weighted  imaging  (FS  T2WI).  The  cartilage  is 
normally  thin  (up  to  3 mm).  Abnoimal  cartilage  can  have  a 
variety  of  different  appearances.  Findings  may  include  focal 
thinning,  ulcerations,  linear  fissures,  cartilaginous  flaps,  and 
focal  defects.  Many  of  these  abnormalities  are  well  seen  on 
small  field  of  view  thin  section  (3  mm)  FS  T2WI.  Cartilage 
fissuie  flaps  and  defects  are  seen  as  high  signal  defects  in 
the  otherwise  intermediate  signal  cartilage.  On  conventional 
MRI  exams  itis  helpful  ifthere  is  a small  amountof  jointfluid 
present  in  the  hip  joint  Cartilage  defects  are  seen  to  better 
advantage  on  MRI  arthrograms  with  FS  T1  -weighted 
imaging  (T1  Wl).  The  defect  is  well  seen  as  high  signal 
contrast-laden  fluid  extending  into  the  normal  cartilage 
and,  in  cases,  with  full-thickness  defects,  contacting  the 
articular  surface  of  the  bone. 

Lesions  of  the  ligamen-  The  normal  ligamentum  teres  is  variable  in  size  and 
turn  teres  thickness  with  smooth  margins  and  in  general  low  signal  on 

(i  Fig.  6.13)  all  pulse  sequences.  In  some  patients  subtie  striations  may 

be  seen  within  the  substance  of  the  ligament  The  normal 
ligament  extends  from  the  transverse  acetabular  ligament  to 
the  fovea  capitis  of  the  femoral  head.  Complete  tears  are 
seen  as  discontinuity  of  the  ligament  and  are  most  often 
located  near  the  attachment  on  the  fovea  capitis.  On  FS 
T2WI  there  may  be  a high  signal  mass  in  the  region  of  the 
tear.  MRI  arthrography  is  preferred  in  the  evaluation  of 
the  ligmantum  teres  to  more  accurately  define  the  contours 
of  the  tear  and  to  separate  normal  structures  form  each 
other.  Partial  tears  of  the  ligamentum  teres  are  more 
difficult  to  identify.  On  FS  T1  Wl  with  intra-articular  contrast, 
high  signal  contrast-laden  fluid  can  be  seen  to  enter  into  the 
substanae  of  the  ligament.  In  partial  tears  there  may  be 
thinning  of  the  ligament  with  fewer  remaining  intact  fibers. 
On  FS  T2WI  there  may  be  increased  signal  within  the 
ligamentum  teres  fibers.  In  both  full-thickness  and  partial 
tears  there  are  often  associated  injuries,  including  both 
labral  tears  and  cartilage  abnormalities.  Synovitis  and  joint 
effusion  may  also  be  present. 


Comments 

Patients  with  abnormal  cartilage  may  have  no  symptoms  or 
hip  pain,  sometimes  with  decreased  range  of  motion. 
Cartilage  defects  are  often  seen  with  labral  tears  and  in  the 
setting  of  femoral  acetabular  impingement.  As  cartilage  loss 
progresses  there  is  joint  space  narrowing  and  subchondral 
sclerotic  change  seen  in  the  bones  of  the  hip  joint. 


Patients  with  injuries  of  the  ligamentum  teres  often  present 
with  hip  and  groin  pain  and  may  complain  of  locking  and 
catching.  Traumatic  tears  of  the  ligamentum  teres  often 
occur  in  the  setting  of  sports,  including  football  and  hockey. 
Martial  arts  and  ballet  are  also  associated  with  ligamentum 
teres  injuries,  due  to  the  requirement  for  a large  range  of 
motion  at  the  hip.  Ihe  ligamentum  teres  is  an  important 
stabilizer  of  the  hip  and  can  be  thought  of  as  similar  in 
function  to  the  ACL  in  the  knee.  In  patients  with  tom 
ligamentum  teres  a type  of  microinstability  may  occur, 
which  in  some  patients  may  progress  to  early  osteoarthritis. 
Treatment  often  aonsists  of  simple  surgical  debridement  of 
remaining  ligament  fibers.  In  the  future  surgical  ligament 
reconstruction  may  be  both  possible  and  desirable  to 
preserve  the  hip  joint. 


(continued  on  page  156) 
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Fig,  6. 12  (a)  Sagittal  fiat-suppressed  T2-welghted 
imaging  (PS  T2WI)  from  a magnetic  resonance 
imaging  arthrogram  shows  high  signal  flluld  enter- 
ing into  a laige  delamlnatlon  tear  of  die  acetabular 
cartilage  (arrow),  (b)  Coronal  F5  T2WI  from  the 
same  patient  also  showing  a large  cartilage 
delamlnatlon  tear  (arrow). 


a 


Fig.  6.1 3 (a)  Coronal  fat-suppressed  T2 -weighted 
imaging  (FS  T2WI)  from  an  MRI  arthrogram  shows 
mildly  Increased  signal  and  mild  thickening  In  die 
ligamenbjm  teres  near  its  attachment  to  die  fovea 
capites  (arrow),  (b)  Coronal  proton  density- 
weighted  Imaging  (PDWI)  from  an  MRI  arthrogram 
shows  a thickened  llgamentum  teres  at  its  attach- 
ment on  the  fovea  capites,  (c)  Coronal  FS  T2WI 
from  an  MRI  arthrogram  in  a second  patient  shows 
a high-grade  partial  tear  of  the  llgamentum  teres 
with  only  a few  remnant  fibers  remaining  (arrow), 
(d)  Coronal  PDWI  from  an  MRI  arthrogram  shows  a 
high-grade  partial  tear  of  die  ligamentum  teres 
with  a few  remaining  fibers. 
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Table  6.2  (Cont)  Lesions  of  the  hip  Joint 

Abnormalities  MRJ  findings  Comments 


Femoroacetabular 
impingement  (FAJ) 
(►  Fig.  6.14) 


There  are  two  types  of  FAI:  cam  and  pineer.  Both  types  are 
associated  with  early -onset  osteoarthritis,  labral  tears,  and 
cartilage  abnormalities.  In  cam  type  FAJ  there  is  decreased 
offset  of  the  femoral  head  nedc  Junction  with  an  osseous 
bump  at  the  anterior  aspect  of  the  femoral  head  and  neck 
junction.  This  is  best  seen  in  die  oblique  axial  plane  known 
as  the  Swiss  plane,  which  extends  along  die  long  axis  of  the 
trochanteric  portion  of  the  proximal  femur.  On  proton 
density^weighled  imaging  (PDWI)  this  is  seen  as  an  ooeous 
bump  along  the  anterior  portion  of  die  femoral  head  and 
nedc  Junction  with  an  abnormal  alpha  angle  of  greater  than 
55  degrees.  On  coronal  and  sagittal  F5  T2WI  there  is  often 
joint  space  narrowing  and  cartilage  abnormalities,  Including 
thinning  and  cartilage  delamlnation.  This  Is  best  seen  on  MRI 
arthrography  with  FS  T1WI.  in  cam  type  FAI  the  ante- 
rosuperlor  cartilage  and  labmrn  are  often  abnonnal.  In 
pineer  type  FAI  tiiere  Is  overtoverage  of  die  femoral  head  by 
the  acetabulum.  This  is  well  seen  on  coronal  FS  T2WI.  The 
cartilage  and  labium  in  pineer  type  FAI  are  most  often 
abnormal  In  the  posterolnferlor  position.  An  os  acetabull  or 
other  separate  bony  fragment  is  often  seen  in  pineer  type 
FAI  Some  patients  may  have  a mixed  type  FAI,  which  is  a 
combination  of  cam  and  pineer  types. 


FAI  Is  Increasingly  recognized  as  a major  cause  of  early -on  set 
osteoarthritis.  The  critical  issue  in  FAI  is  early  diagnosis  so 
that  appropriate  surgical  treatment  can  be  performed  before 
there  has  been  significant  cartilage  and  labral  damage. 
Patients  with  FAI  may  present  as  early  as  the  second  decade 
with  hip  pain;  this  is  more  common  in  athletes  with  FAI.  In 
cam  type  FAI  surgical  treatment  consists  of  recontourlng  the 
anterior  portion  of  the  femoral  head-neck  Junction  so  that 
the  bony  impingement  is  relieved.  Cam  type  FAI  is  more 
common  In  younger  male  athletes.  In  pineer  type  FAI  the 
acetabulum  Is  trimmed  back  so  that  the  femoral  head  Is  no 
longer  overcovered.  Pineer  type  FAI  is  more  common  in 
middle-aged  women.  The  etiology  of  some  cases  of  FAI  and 
In  particular  the  CAM  type  Is  likely  related  to  prior 
undiagnosed  subclinkal  slipped  capital  femoral  epiphysis. 


(continued  on  page  158) 
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Hg.  6.14  (a)  Oblique  axial  (Swiss)  fat- 
suppressed  T2-weighted  imaging  (FS  T2WI) 
from  an  MRI  artiirogram  shows  a decreased 
femoral  head-neck  junction  offset  with  a 
small  cam  bump  (arrow).  Note  abnormal 
posterior  labium  (arrow),  (b)  Coronal  FST2WI 
from  the  same  patient  shows  superior  Joint 
space  narrowing,  irregular  acetabular  articular 
cartilage,  and  large  femoral-collar  osteo- 
phytes. (c)  Sagittal  FS  12WI  from  the  same 
patient  shows  Joint  space  narrowing  with 
several  acetabular  subcortical  geodes  and 
femoral  osteophyte,  (d)  Oblique  axfal  (Swiss) 
FS  T2WI  from  an  MRI  arthrogram  in  a second 
patient  shows  a large  cam  bump  at  the 
femoral  head-neck  junction  anteriorly, 
(continued) 
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Fig.  6.14  (continued)  (e)  Oblique  axial  (Swiss)  PDWI  from  the  same  patient  also  shows  a large  cam  bump  at  the  femoral  head-neck  Junction,  (f) 
Oblique  axial  two-dimensional  reformat  (Swiss)  from  a computed  tomographic  (CT)  scan  of  the  hip  In  the  same  patient  shows  a large  alpha  angle  of 
67  degrees,  which  is  abnormal  and  indicates  cam  type femoroacetabular  impingement  (FAI).  (g)  Coronal  F5T2WI  from  the  same  patient  shows  severe 
superior  Joint  space  narrowing  and  abnormal  superior  acetabular  labrum.  (h)  Coronal  2-D  reformat  from  a hip  CT  scan  In  the  same  patient  shows 
superior  Joint  space  narrowing  and  femoral  osteophyte,  (i)  Coronal  FS 12WI  from  an  MRI  arthrogram  In  a tiilrd  patient  shows  plncec  type  FAI  with 
ov&w&age  of  the  femoral  head  by  the  acrtabulum  (arrow),  (j)  Corresponding  proton  density-weighted  imaging  (PDWI)  from  the  same  patient 
shows  acetabular  overcorerage.  (k)  Sagittal  FS  T2WI  from  the  same  patient  shows  several  subcortical  geodes  wftii  adjacent  marrow  edema  In  the 
acetabulum.  (I)  Axial  oblique  (Swiss)  POWI  from  a fourth  patient  shows  postoperative  appearance  of  the  femoral  head-nedc  Junction  In  a patient 
previously  diagnosed  witii  cam  type  FAI,  (m)  Axial  oblique  (Swiss)  FS  T7W1  from  the  same  patient  shows  the  postoperative  appearance  of  the  femoral 
head-neck  Junction  In  a patient  tr  eated  for  cam  type  FAI. 
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Table  6.2  (Cont.)  Lesions  of  the  hip  joint 

Abnormalities  MR!  findings  Comments 


Osteoarthritis  (OA) 
(►  Fig.  6.15) 


On  both  PDWI  and  FS  T2WI  there  is  superolateral  joint  space 
narrowing  and  osteophyte  formation.  On  FS  T2WI  there  are 
often  subchondral  cysts  seen  in  both  the  femoral  head  and 
the  acetabulum.  There  may  also  be  high  signal  subchondral 
marrow  edema  on  both  sides  of  the  hip  joint  Cartilage 
thinning  and  defects  are  best  seen  on  MRI  arthrography  with 
FS  T1  Wl  and  FS  T2WI.  joint  effusions,  often  with  associated 
synovitis,  may  also  be  present  and  are  best  seen  on  FS  T2WI 
as  high  signal  fluid  with  ill-defined  zones  of  lower  signal 
corresponding  to  areas  of  thickened  synovium.  If  intra- 
venous gadolinium-contrast  is  given  there  is  often  thickened 
proliferating  synovium  with  high  signal  enhancing  zones  and 
adjacent  low  signal  joint  fluid  on  FST1WI.  Other  findings 
seen  on  MRI  may  include  tears  of  the  acetabular  labrum. 
intra-articular  loose  bodies,  synovial  herniation  pits,  tendo- 
nitis, and  bursitis. 


OA  of  the  hip  is  a progressive  multifactorial  condition  in 
which  there  is  continued  loss  of  articular  cartilage  over  time. 
Hip  OA  is  in  general  age  related  with  prevalence  and  severity 
increasing  with  increasing  patient  age.  However,  there  is  a 
group  of  younger  patients  presenting  with  hip  OA  sooner 
and  with  greater  severity  than  would  be  expected.  These 
patients  often  have  some  form  of  FAI  or  hip  dysplasia. 
Patients  with  OA  of  the  hip  present  with  chronic  hip  pain, 
which  progresses  over  time  to  the  point  where  it  can 
become  incapacitating  and  require  a hip  joint  replacement 
Hip  OA  is  a major  U.S.  public  health  problem.  Other  causes 
of  hip  pain  that  can  be  clinically  confused  with  OA  include 
insufficiency  or  stress  fractures,  tendonitis,  and  greater 
trochanteric  bursitis.  Many  of  these  conditions  can  also  be 
seen  in  the  setting  of  hip  OA.  MRI  is  often  needed  to  identify 
which  of  these  abnormalities  is  present  in  any  given  patient 
with  chronic  hip  pain. 

(continued  on  poge  160) 
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Ffg.6.15  (a)  Coronal  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  shows  severe 
joint  space  narrowing  with  loss  of  articular 
cartilage  and  subcortical  degenerative 
reactive  marrow  edema  in  the  femoral 
head  and  opposite  aaetabulum.  A large 
joint  effusion  Is  also  present  (b)  Axial  FS 
T2WI  shows  joint  space  narrowing  and 
degenerative  reactive  subcortical  marrow 
edema,  (c)  Coronal  FS  T2WI  from  a seeond 
patient  shows  superior  joint  space 
narrowing  with  cartilage  loss  and  joint 
effusion  containing  loose  bodies  (arrow), 
(d)  Axial  proton  density-weighted  Imaging 
Shows  intra-articular  loose  bodies  (arrow) 
as  can  be  seen  In  secondary  synovial 
osteochondromatosis. 
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Table  6.2  (Cont)  Lesions  of  the  hip  joint 

Abnormalities 

MRI  findings 

Comments 

Rheumatoid 
arthritis  (RA) 

(►  Fig.  6.16) 

On  FS  T2WI  and  postaontrast  FS  T1WI  the  earliest  finding  of 
RA  is  synovial  proliferation.  This  is  seen  as  heterogeneous 
increased  signal  fluid  in  the  hip  joint  on  FS  T2WI  and  as  ill- 
defined  enhanoement  and  thickening  of  synovium  on  FS 
T1WI.  On  FS  T2WI  there  is  often  high  signal  subchondral 
marrow  edema  seen  in  one  or  both  sides  of  the  joint  As  the 
disease  piognesses  there  are  sharply  maiginated  juxta- 
artlcular  bony  erosions.  On  FS  12WI  there  Is  high  signal 
inflammatory  material  seen  in  tile  cortical  defect  On  FS 

T1  Wl  postcontiast  Injection  this  Inflammatory  tissue  will 
demonstrate  high  signal  enhancement  When  the  hip  joint  Is 
affected  in  RA  the  process  is  usuailly  bilateral  and  symmetric 
with  axial  joint  space  narrowing.  On  FS  T2WI  there  are  also 
high  signal  subchondral  cysts  seen,  in  addition  tenosynovitis 
in  and  around  the  affected  joint  is  commonly  seen. 

RA  Is  a chronic  autoimmune  disease.  It  causes  synovial 
prolifeiation  that  can  often  lead  to  joint  destruction.  Patients 
present  with  joint  pain  and  stiffness,  which  is  usuailly  though 
not  always  syinmetitc.  Women  are  more  •ommonlly  affected 
than  men.  When  hip  involvement  Is  unilateral  rt  is  difficult  lo 
distinguish  RA  from  septic  arthritis.  With  intioduction  of  new 
drug  therapies  for  RA  the  Importance  of  MRI  In  thefbllow-up 
evaluation  of  patients  has  Increased  because  plain  radiog- 
raphy is  not  adequate  for  evaluating  response  to  treatment. 

Fig.  6.16  (a)  Coronal  fat-sup  pressed  T2- 
weighted  imaging  (F5  12WI)  shows  joint 
space  narrowing,  reactive  subcortical 
marrow  edema,  and  aomplex  effusion 
with  synovial  hypertrophy  (arrow),  (b) 
Corresponding  proton  density-weighted 
Imaging  also  shows  joint  space  narrowing 
aomplex  effusion  with  synovial  hypertro- 
phy. (c)  Axial  FS  T2WI  from  an  MRI 
artiirogram  In  a seaond  patient  shows  low 
signal  rice  bodies  (arrow),  (d)  Coronal  FS 
T2W)  from  an  MRI  artiirogram  shows 
multiple  low  signal  liice  bodies. 
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6.2.1  Lesions  of  the  Hip  Joint 
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6.3  Lesions  of  the  Acetabular 
Labrum 

• Tears  of  the  acetabular  labrum 

• Lesions  of  the  postoperative  acetabular  labrum 

• Paralabral  cysts  of  the  hip 


T able  6.3  Lesions  of  the  aaetabular  labrum 


Abnormalities 


Tears  of  the  acetabular  labrum 
(►  Fig.  6.17) 


Lesions  of  the  postoperative  acetabular  labrum 
(►  Fig.  6.18) 


MRI  findings 

The  normal  acetabular  labrum  is  unifonnly  low 
signal  on  all  imaging  sequences.  The  nonnal 
labrum  has  a smooth,  well-defined  contour  with 
a triangular  shape  such  that  the  base  of  the 
labrum  is  in  contact  with  the  bony  acetabulum. 
Labral  tears  are  most  effectively  identified  with 
MRI  arthrography.  On  fat-suppressed  T1- 
weighted  imaging  (FS  T1WI)  high  signal  con- 
trast is  seen  to  enter  the  substance  of  the 
labrum.  This  may  be  a partial-  or  full-thickness 
defect  In  some  cases  there  may  be  detachment 
of  the  labrum  with  a displaced  fragment.  Other 
configurations  are  also  possible,  including  fray- 
ing of  the  labral  margins  and  flap  tears.  On  FS 
T2- weighted  imaging  (T2WI)  a labral  tear  may 
be  seen  as  a linear  high  signal  extending 
through  or  into  the  labrum.  Most  labral  tears 
occur  in  the  anterior  superior  portion.  A normal 
anatomical  valiant  known  as  a sublabral  recess 
is  also  known  to  occur.  These  are  most 
commonly  located  in  the  anterior  inferior 
portion  of  the  labrum,  a location  in  which  tears 
are  less  common.  On  FS  T1WI  postarthrography 
a linear  high  signal  is  seen  to  extend  only 
partially  into  the  base  of  the  labnjm.  On  FS 
T2WI  no  signal  abnonnality  is  seen  in  the 
substance  of  the  labrum. 

Re-tear  of  the  acetabular  labrum  after  prior 
labral  surgery  is  best  evaluated  with  MRI 
arthrography  using  dilute  intra-articular  gado- 
linium-based contrast  material.  If  possible 
comparison  to  a previous  preoperative  MRI 
examination  is  suggested  because  differentiat- 
ing between  re-tear  and  postsurgical  change 
can  be  difficult.  On  FS  T1WI  and  FS  T2WI  the 
presence  of  a new  high  signal  line  extending  to 
the  labral  surface  is  evidence  of  a new  labral  tear 
and  is  analogous  to  the  criteria  used  in 
evaluating  the  postoperative  meniscus.  A new 
labral  fragment  or  significant  distortion  or 
irregular  contour  of  the  labrum  may  also 
indicate  a labral  tear.  A new  paralabral  cyst  is 
also  evidence  for  labral  re-tear. 


Comments 

Acetabular  labral  tears  are  an  important  cause  of 
hip  pain,  which  can  significantly  limit  a patient's 
ability  to  participate  in  athletic  activity.  Many 
tears  of  the  acetabular  labrum  are  now  believed 
to  be  related  to  femoracetabular  impingement 
Early  diagnosis  and  treatment  of  labral  tears 
result  in  relief  of  symptoms  and  may  reduce  the 
incidence  of  early-onset  osteoarthritis.  Tears  of 
the  acetabular  labrum  may  be  seen  in  associa- 
tion with  cartilage  injuries.  Labral  tears  are 
typically  treated  with  arthroscopic  debridement 
or  repair. 


Patients  with  clinically  suspected  acetabular 
labral  re-tear  present  with  new-onset  hip  pain. 
After  initially  successful  labral  surgery  many 
patients  are  able  to  return  to  their  normal 
activities,  which  often  include  sports.  In  some 
cases  the  mechanism  of  labral  reinjury  may  be 
similar  to  the  original  cause  of  labral  tear.  The 
incidence  of  acetabular  labral  re-tear  is  likely  to 
increase  over  time  because  more  patients  are 
being  treated  successfully  for  labral  tears  and 
are  able  to  return  to  high-level  activity  with  the 
potential  for  labral  reinjury.  The  ability  to 
accurately  diagnose  labral  re-tear  is  of  similar 
importance  to  accurate  diagnosis  of  the  initial 
tear  so  that  early  treatment  can  be  initiated  and 
thereby  reduce  the  likelihood  of  early-onset 
osteoarthritis. 

(continued  on  page  164) 
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Rg.  5*17  (a)  Sagittal  fat-suppressed  T2 -weigh  ted  imaging  (F5T2WI)  from  an  MRI  arthiogram  shows  a tear  of  the  anterior  aaetabualar  labrum  (arrow), 
(b)  Oblique  axial  (Mss)  F5  T2WI  shows  an  anterior  labral  tear  (arrow),  (c)  Coronal  FST2WI  from  an  MRI  aithrogram  In  a second  patient  shows  a large 
tear  of  the  superior  labrum  (aiTow).  There  Is  also  joint  space  narrowing  and  cartilage  Irregularity,  (d)  Coronal  proton  density-weighted  Imaging  (PDWI) 
from  the  same  patient  shows  a large  superior  labral  tear,  (e)  Sagittal  FS  T2WI  from  an  MRI  arthrogram  in  a third  patient  shows  a large  high  signal  tear 
in  the  anterior  labrum  (arrow). 


Rg,  6.18  (a)  Axial  oblique  (Swiss)  fat-suppressed  T2 -weighted  Imaging  (FS  T2WI)  from  a preoperative  MRI  arthrogram  shows  a linear  high  signal  tear 
in  the  anterior  superior  labrum  (arrow),  (b)  Sagittal  PS  T2WI  from  a preopeiative  MRJ  arthrogram  shows  tire  same  anterior  superior  labral  tear  (arrow), 
(c)  Sagittal  FS  T2W1  from  a postoperative  MRI  arthrogram  in  the  same  patient  shows  mild  imegularity  of  the  anterior  superior  labrum  (arrow)  and 
adjaeent  postoperative  susceptibility  artifact.  There  Is  no  evidence  for  labral  re-tear. 
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Table  6.3  (Cont)  Lesions  of  the  acetabular  Iabrum 

Abnormalities 

MRI  findings 

Comments 

Paralabral  cysts  of  the  hip 
(►  Fig.  6.19) 

On  FS  12WI  a paralabral  cyst  Is  a rounded  high 
signal  lesion  of  variable  siae  and  may  contain 
internal  septabon.  On  PDWI  the  paralabral  cyst 

Is  low  signal.  The  paralabral  cyst  Is  usually 
located  in  continuity  with  the  adjacent  Iabrum, 
and  there  is  often  though  not  always  an 
Identifiable  labral  tear.  The  most  common 
location  for  paralabral  cysts  of  the  hip  Is  anterior 
superior,  which  is  the  most  common  location  of 
acetabular  labral  tsars.  Other  locations  for 
paralabral  cysts  are  also  possible  though 
less  common. 

Paralabral  cysts  are  strongly  associated  with 
tears  of  the  acetabular  Iabrum.  These  patients 
often  aomplain  of  hip  pain  related  to  die 
presence  of  a labral  tear  and  not  due  to  the 
presence  of  die  paralabral  cyst.  Paralabral  cysts 
are  likely  caused  by  increased  intra-arbcular 
pressure  caused  by  altered  jolint  mechanics 
when  a labral  tear  Is  present.  When  Intra- 
arb'cular  pressure  is  increased  synovial  fluid  is 
forced  through  die  labral  tsar,  resulting  in  a 
paralabral  cyst 

b 


Fig. 6. 19  (a)  Axial  fat-supposed 
12^weighted  imaging  (F5  T2WI) 
from  an  MRI  arthiogram  shows  an 
anterior  paralabral  cyst  (arrow). 

(b)  Sagittal  F5  T2W1  from  an  MRI 
artiirogram  shows  a multiseptated 
anterior  paralabral  cyst  from  die 
same  patient  (c)  Sagittal  FS 12WI 
from  an  MRI  arthiogram  in  a 
seaond  patient  shows  a large 
delaminating  tsar  of  tire  superior 
iabrum  (arrow)  with  a posterior 
paralabral  cyst,  (d)  Axial  oblique 
(Swiss)  FS  72WI  from  an  MRI 
arthrogram  in  the  same  patient 
shows  a multiseptated  anterior 
paralabral  cyst  (arrow). 
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6.3.1  Lesions  of  the  Acetabular  Labrum 
Suggested  Reading 

[1]  Blanker. baker  DG,  De  Smet  AA»  Keene  JS.  MRarthrographic  appearance  of  the 
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tears.AJRAmJ  Roentgenol  2011;  197:  W1118-22 
|2|  Blankenbaker  DG,  De  Smet  AA,  Keene  JS,  Fine  JP.  Classification  and 
localization  of  acetabular  labial  tears.  Steletal  Radiol  2007;  36: 391-397 


[3]  MervakBM, MoragY,  Marcantonio  D, Jacobson],  Biandon  C,  Fessell  D.  Parala- 
bral  cysts  of  the  hip:  sonographic  evaluation  with  magnetic  resonance 
arthrographiccoiielation.J  Ultrasound  Med  2012;  31: 495-500 

[4]  Peidikakis  £,  Karadulios  T,  Katonis  P,  Karantanas  A.  Comparison  of  MR- 
arthmgiaphy  and  MDCT-arthrography  for  detection  of  labral  and  articular 
cartilage  hip  pathology.  Skeletal  Radiol  2011;  40: 1441-1447 

[5]  Studler  U,  Kalberer  F,  Leunig  M,  et  al.  MR  arthrography  of  the  hip;  differentia- 
tion between  an  anterior  sublabral  recess  as  a normal  variant  and  a labral 
tear.  Radiology  2008;  249:  947-954 
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6.4  Juxta-articular  Lesions  of  * *thlef  f put^.lgi.a  (sporte  hemia] 

• Morel-Lavallee  lesions 

the  Hip 

• Lesions  of  the  gluteal  tendons 

• Hamstring  tendon  injuries 


Table  6.4  Juxta-articular  lesions  of  the  hip 
Abnerinalftiej 

Lesions  of  the  gluteal  tendons 
(i  Fig.  6.20) 


MRI  findings 

Abnormalities  of  the  gluteal  tendons,  the 
gluteus  medius  and  minimus,  range  In  severity 
from  mild  peritendinitis  to  tendinosis,  partial 
tear,  and,  most  severe,  a complete  tendon 
rupture.  On  coional  and  axial  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  peritendinitis  of 
the  gluteus  medius  and  minimus  tendons  is 
seen  as  high  signal  surrounding  a tendon  of 
normal  thickness  and  with  normal  internal 
signal.  On  FS  T2WI  gluteal  tendinitis  is  seen  as  a 
thickened  tendon  with  some  intemai  high 
signal.  There  may  also  be  a small  amount  of 
trochanteiic  bursal  fluid  present  These  findings 
are  similar  to  what  is  seen  on  magnetic 
resonance  imaging  in  shoulder  rotator  cuff 
tendinitis.  Partial  tear  of  the  gluteus  medius  or 
minimus  is  seen  on  FS  T2WI  as  loss  of  distal 
fibers  at  their  attachment  on  the  greater 
trochanter  of  the  proximal  femur.  Often  high 
signal  edema  is  seen  in  and  adjacent  to  the 
remaining  tendon  fibers.  Complete  tears  of  the 
gluteal  tendons  are  seen  on  FS  T2WI  as 
discontinuity  of  fibers,  often  with  some  retrac- 
tion away  from  their  expected  insertion  on  the 
greater  trochanter.  On  FS  T2WI  there  is  often 
high  signal  fluid  seen  in  the  gap  between  the 
torn  tendon  and  the  greater  trochanter. 


Comments 

Tendinopathy  of  the  gluteus  medius  and  mini- 
mus are  common  causes  of  lateral  hip  pain  and 
weakness  of  hip  abduction.  This  clinical  entity 
has  been  referred  to  as  the  greater  trochanteric 
pain  syndrome  (GTPS)  and  is  more  common  in 
women  than  in  men.  GTPS  is  an  extra-articular 
cause  of  hip  pain  and  can  be  confused  with 
other  causes  of  extra-articular  hip  pain,  includ- 
ing femoral  neck  stress  fractures  and  refened 
pain  from  abnormalities  of  the  lumbar  spine. 
Trochanteric  bursitis  is  now  recognized  as  much 
less  common  than  gluteal  tendon  pathology, 
and  if  present  is  often  secondaiy  to  abnormali- 
ties of  the  gluteal  tendons. 


(continued  on  poge  168) 
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Flg.6.20  (a)  Coronal  fat-suppressed  T2- 
weighted  imaging  (FS  T2VM)  shows  high 
signal  at  the  site  of  a tear  of  the  gluteus 
medlus  tendon  (arrow),  (b)  Axial  FS  TZWI 
shows  high  signal  at  the  site  of  a gluteus 
medlus  tendon  tear,  (c)  Coronal  FS  T2VM  from 
a second  patient  shows  torn  gluteus  minimus 
tendon  (arrow)  with  fluid  in  the  trochanteric 
bursa,  (d)  Coronal  FS  T2W)  from  a third 
patient  shows  a tear  of  the  gluteus  medlus 
(arrow)  and  tendinopathy  of  tire  distal  gluteus 
minimus  (arrowhead). 
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Table  6.4  (Cont.)  Juxta-articular  lesions  of  the  hip 
Abnormalities  MRI  findings 

Hamstring  tendon  injuries  The  hamstrings  consist  of  the  semimembrano- 

( Fig.  6.21)  sus,  semibendinosus,  and  biaeps  femoris.  The 

long  head  of  the  biceps  femoris  and  the 
semitendinosus  have  a common  origin  from  the 
ischial  tuberosity.  A variety  of  different  ham- 
sbing  tendon  injuries  can  occur.  Tendinopathy 
at  the  origin  of  the  conjoint  tendon  is  seen  as 
increased  signal  on  FS  72WI,  often  with  thick- 
ening of  the  proximal  portion  of  the  tendon. 
There  may  also  be  mild  marrow  edema  seen  as 
high  signal  in  the  adjacent  ischial  tuberosity  on 
FS  T2WI.  Partial  tears  often  occur  near  the 
origin  of  the  conjoint  tendon  and  are  seen  as 
high  signal  fluid  within  the  thickened  tendon  on 
FS  T2WI.  Complete  tears  of  the  conjoint  tendon 
usually  occur  at  the  ischial  tuberosity  and  are 
seen  as  focal  discontinuity  of  the  tendon.  In 
some  cases  there  may  be  a variable  degree  of 
tendon  retraction.  In  younger  patients  there  is 
more  often  avulsion  injury  of  the  ischial 
tuberosity  with  high  signal  edema  on  FS  T2  Wl. 


Comments 

The  major  function  of  the  hamstring  muscle 
group  is  hip  extension  and  knee  flexion.  Ham- 
string injuries  commonly  oacur  in  athletes 
participating  in  sports  such  as  hurdling,  long 
jumping,  gymnasties,  and  cheerleading.  The 
usual  mechanism  of  injury  is  simultaneous  hip 
flexion  and  knee  extension.  Some  hamstring 
injuries  can  heal  spontaneously,  including 
muscle  strain  and  tears  along  the  musculoten- 
dinous junction.  Tears  at  the  tendon  origin  on 
the  ischial  tuberosity  may  require  surgery. 


(continued  on  page  170) 
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Rg,  &21  (a)  Sagittal  fat-suppressed  72-weighted  Imaging  (FST2WI)  shows  high  signal  tendlnopadiy  of  the  eon  joint  tendon  of  die  hamstrings  (arrow), 
(b)  Axial  FS  T2WI  from  die  same  patient  shows  high  signal  tendinopathy  in  the  conjoint  tendon  on  die  left  at  its  attachment  on  die  left  ischial 
tuberosity,  (c)  Axial  FS  T2WI  shows  complete  retracted  tear  of  tile  conjoint  tendon  witii  high  signal  filuid  between  the  tom  tendon  end  (arrow)  and  the 
Isdilal  tuberosity,  (d)  Axial  proton  density-weighted  Imaging  (PDWI)  also  shows  a gap  between  the  tom  end  of  die  eonjolnt  tendon  and  die  Ischial 
tuberosity  with  intervening  fluid,  (e)  Coronal  PDWI  shows  a retracted  tom  hamstring  tendon  (arrow)  with  adjacent  large  organizing  hematoma,  (f) 
Coronal  FS  T2WI  shows  a retracted  tom  tendon  end  with  adjacent  organizing  hematoma. 
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Table  6.4  (Cont.)  Juxta-articular  lesions  of  the 
Abnormalities 

Athletic  pubalgia  (sports  hernia) 

( Fig.  6.22) 


MRI  findings 

Athletic  pubalgia  encompasses  a range  of 
different  possible  abnormalities  resulting  in 
different  patterns  of  injury.  MRI  evaluation  of 
this  condition  should  begin  with  lange  field  of 
view  FS  T2WI  centered  on  the  pubic  symphysis 
and  continue  with  smaller  field  of  view  detailed 
images  when  the  site  of  pathology  is  identified. 
On  F5  72WI  some  patiente  will  have  findings  of 
high  signal  edema  along  both  sides  of  the  pubic 
symphysis,  which  may  be  asymmetrically 
greater  on  the  more  symptomatic  side.  In  some 
cases  a secondary  cleft  with  curvilinear  high 
signal  fiuid  is  seen  inferior  and  directly  adjacent 
to  the  pubic  bone.  This  finding  is  indicative  of 
disruption  of  the  rectus  abdominis  aponeurotic 
plate.  The  distal  attachment  of  the  rectus 
abdominis  to  the  anterior  pubic  symphysis  may 
be  abnormal  with  high  signal  edema  on  one 
side  indicating  muscle  strain,  or  there  may  be 
more  severe  injury  with  paitial-  or  even  full- 
thickness tear  of  the  muscle  attachment.  Often 
the  ipsilateral  adductor  longus  origin  is  also 
partially  or  completely  torn  from  the  anterior 
portion  of  the  pubic  symphysis. 


Comments 

Patients  with  athletic  pubalgia  typically  are 
athletes  presenting  with  groin  pain.  In  particular 
athletes  involved  in  sports  with  twisting  at  the 
waist,  sideways  motion,  and  abrupt  directional 
changes  are  considered  to  be  most  at  risk  for 
these  injuiies.  Sports  such  as  soccer,  ice  hockey, 
and  football  are  often  associated  with  groin 
injuries.  Some  patients  will  present  with  acute 
injury  and  resultant  pain,  whereas  others  have  a 
more  chronic  course  with  groin  pain  that 
gradually  increases  over  time.  Other  causes  of 
groin  pain  in  athletes  must  also  be  considered, 
including  inguinal  hernia,  testicular  torsion, 
acetabular  labral  tear,  avascular  necrosis  of  the 
femoral  head,  stress  fracture,  and  others.  Most 
patients  can  be  treated  with  conseivative 
therapy  typically  including  rest  and  nonsteroidal 
anti-inflammatory  drugs.  In  some  patients 
surgery  is  required.  This  may  consist  of  repairing 
the  specific  site  of  injury.  Unfortunately,  in  some 
patients  with  recument  injury  there  may  be 
significant  loss  of  playing  time  and  even 
termination  of  an  athlete’s  career. 

(continued  on  page  172) 
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Fig.  6.22  (a)  Axial  fat-supprexed  T2-we!ghted  imaging  (FS  T2WI)  shows  an  liregular  high  signal  paitial  tear  (arrow)  of  the  right  rectus  abdominis 
tendon  Insertion,  (b)  Coronal  FS  T2WI  shows  an  irregular  high  signal  partial  tsar  of  the  right  rectus  abdominis  tendon  Insertion  (arrow),  (c) 
Corresponding  proton  density-weighted  imaging  (PDWI)  shows  an  irregular  intermediate  signal  partial  tear  of  the  right  rectus  abdominis  tendon 
Insertion  (arrow),  (d)  Sagittal  FS  T2WI  shows  an  Irregular  high  signal  partial  tear  of  the  right  rectus  abdominis  tendon  Insertion  (arrow),  (e)  Axial  FS 
T2WI  from  a second  patient  shows  a linear  high  signal  tear  of  the  rectiis  abdominis  aponeurosis  (arrow)  and  high  signal  marrow  edema  In  the  right 
and  left  pubic  bones,  (f)  Axial  FS  T2WI  from  tile  same  patient  shows  high  signal  edema  in  the  pubic  symphysis  (arrow)  with  edema  in  the  adjacent 
right  and  left  pubic  bones,  (g)  Coronal  FS  T2WI  from  die  same  patient  shows  a tear  of  the  left  adductor  magnus  (airow)  and  edema  In  the  right  and 
left  pubic  rami. 
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Table  6.4  (Cont)  Juxta-articular  lesions  of  the  hip 


Abnormalities 


MRI  findings 


Comments 


Morel-lavall4e  lesions 
(►  Fig.  6.23) 


The  MoreJ'lavall6e  lesion  Is  a type  of  post- 
traumatic  hematoma  that  often  occurs  near  the 
greater  btxihanter  of  the  femur,  lhe  lesion  is 
usually  well  circumscribed  and  wll  have  a 
variable  appearance  on  MRI  depending  on  how 
old  it  is.  On  proton  density-weighted  imaging 
(PDWI)  and  T1  -weighted  imaging  (riWI)  there 
Is  often  mildly  heterogeneous  low  signal.  On  F5 
T2WI  there  is  heterogeneous  high  signal,  often 
wftii  foci  of  low  signal  Indicating  the  presence  of 
hemosiderin.  On  postcontrast  FS  T1WI  tiiene  Is 
mild  peripheral  enhancement  without  internal 
enhancement.  In  some  cases  tiiene  may  be  a 
fluid-fluid  level. 


The  Monel-Lavaltee  lesion  Is  a post-traumatic 
hematoma  that  results  from  acute  traumatic 
separation  of  the  skin  and  subcutaneous  fatty 
tissue  from  the  adjacent  fascia.  Small  perforat- 
ing arteries  are  often  tom  in  this  injury  and  a 
hematoma  fonns  in  tile  potential  space  that  has 
been  created.  The  overall  pattern  of  injuiy  Is 
referred  to  as  a dosed  deglovlng  injury.  Patients 
with  this  lesion  often  complain  of  pain,  and  over 
time  tilts  lesion  will  often  grow,  raising  concern 
for  a soft  tissue  neoplasm.  Treatment  often 
consists  of  suigery  or  percutaneous  drainage. 


b 


Fig.  6.23  (a)  Coronal  proton 
density-weighted  Imaging  (PDWI) 
shows  intermediate  signal  evolving 
hematoma  in  the  subcutaneous 
fatty  tissue  adjacent  to  tire  fascia. 

(b)  Coronal  fat-suppreaed  T2- 
welghted  Imaging  (FS  T2WI)  shows 
predominantly  low  signal  evolving 
hematoma  in  the  subcutaneous 
fatty  tissue  adjacent  to  tile  fasda. 

(c)  Axial  PDWI  shows  the  fluid  level 
in  an  evolving  hematoma  in  the 
subcutaneous  fatty  tissue  adjacent 
to  the  fascia,  (d)  Axial  FS  T2WI 
shows  tiie  fluid  level  in  an  evolving 
hematoma  in  the  subcutaneous 
fatty  tissue  adjacent  to  tiie  fasda. 
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6.4.1  Juxta-articular  Lesions  of  the  Hip 
Suggested  Reading 

[1]  Kalad  A,  ICarazmdr  S.  Yanat  AN.  Long-standing  Morel-laval)£e  lesion  of  the 
thigh  simulating  a neoplasm.  Clin  Imaging  2007;  31:  287-291 

[2]  Kingzett-Taylor  A,  llrman  PFJ,  Feller  J,  et  al.  Tendinosis  and  tears  of  gluteus 
medius  and  minimus  musdes  as  a cause  of  hip  pain:  MR  imaging  findings. 
A)R  Am  J Roentgenol  1999;  173: 1123-1126 


[3]  Kong  A,  Van  der  Vliet  A,  Zadow  S.  MR1  and  US  of  gluteal  tendinopathy  in 
greater  trochanteric  pain  syndrome.  Eur  Radiol  2007;  17: 1772-1783 

[4]  Mullens  FE,  Zoga  AC,  Moriison  WB.  Meyers  WC.  Review  of  MRI  technique  and 
imaging  findings  in  athletic  pubalgia  and  the  “sports  hernia."  Eur  J Radiol 
2012;81:3780-3792 

[5]  Omar  1M,  Zoga  AC,  Kavanagh  EC,  et  al.  Athletic  pubalgia  and  "sports 
hernia":  optimal  MR  imaging  technique  and  findings.  Radiographics  2008; 
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7 The  Knee 

Eric  R Weinberg 

7.1  Lesions  of  the  Menisci 

• Normal  meniscus 

• Discoid  meniscus 

• Mucoid  degeneration  and  intrasubstance  tears 

• Horizontal  or  oblique  tears 


• Bucket  handle  tears 

• Radial  tears 

• Meniscal  root  tears 

• Meniscocapsualar  separation 

• Meniscal  cysts 

• Postoperative  meniscus 


Table  7.1  Lesions  of  the  menisci 
AbnorrnaKtta 


Normal  meniscus 
(►  Fig.  7.1) 


MRI  findings 

The  normal  meniscus  is  composed  of  fibrocar- 
tilage  and  has  a C-shaped  configuration  with 
uniform  low  signal  proton  density-weighted 
imaging  (PDWI)  and  fat-suppressed  72- 
weighted  imaging  (FS  T2WI).  On  images 
obtained  in  the  Sagittal  plane  the  normal 
meniscus  has  a bow  tie  configuration.  The 
posterior  horns  of  the  menisci  may  have  some 
intermediate  increased  signal  in  younger 
patients  related  to  normal  vascularity.  The 
posterior  horns  of  both  menisci  are  larger  than 
the  anterior  horns  of  both  menisci.  The  medial 
meniscus  is  larger  than  the  lateral  meniscus. 


Comments 

The  normal  meniscus  has  several  functions  and 
is  a critically  important  structure  in  the  knee. 

The  menisci  act  as  cushions  that  help  to  evenly 
transmit  weight-bearing  forces  along  the  fem- 
oral tibial  articulation.  The  menisci  are  also 
important  in  maintaining  knee  joint  stability 
during  normal  weight-  bearing  activities.  In 
addition  the  menisci  aid  in  joint  lubrication. 
Given  this  increased  understanding  of  the 
importance  of  the  menisci  orthopedic  surgeons 
now  approach  the  surgical  treatment  of  the  lorn 
meniscus  with  the  goal  of  preserving  as  much 
meniscal  material  as  possible. 

(continued  on  page  178) 
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Fig. 7.1  (a)  Sagittal  fat-suppressed  T2-welghled 
imaging  (FS  T2WI)  shows  a normal  midsagittai 
section  of  the  medial  meniscus.  The  posterior 
hom  Is  larger  than  die  anterior  hom,  and  both 
horns  have  a low  signal  triangular  eonfigurabon. 
(b)  Sagittal  proton  density-weighted  Imaging 
(PDWI)  shows  a corresponding  midsagittai  sec- 
tion of  the  medial  meniscus,  (c)  Sagittal  FS  T2WI 
shows  a nonnal  midsagittai  section  of  tire  lateral 
meniscus.  Ihe  anterior  and  posterior  horns  have 
a nonnal  low  signal  triangular  configuration,  (d) 
Sagittal  ROW)  shows  a corresponding  nonnal 
midsagittai  section  of  the  lateral  meniscus. 
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Table  7.1  (Cont.)  Lesions  of  the  menisci 
Abnormalities 

Discoid  meniscus 
(i  Fig.  7.2) 


MR  I findings 

Discoid  menisci  are  enlarged  with  loss  of  the 
normal  C shape.  Discoid  lateral  meniscus  is 
more  common  than  discoid  medial  meniscus. 
The  incidence  of  discoid  lateral  meniscus  is 
reported  as  from  3 to  1 5%.  Medial  discoid 
meniscus  is  less  common,  from  0.1  to  0.3%.  The 
magnetic  resonance  imaging  (MRI)  findings  of 
discoid  meniscus  are  described  as  more  than 
two  bow  ties  on  consecutive  sagittal  images. 
This  is  a problematic  definition  because  it 
assumes  a slice  thickness  of  4 to  5 mm  and  an 
average-sized  patient.  Neither  assumption  may 
be  true.  Many  MRI  centers  now  routinely  obtain 
thinner  (3  to  3.5  mm)  sagittal  slices  and  some 
patients  are  of  course  larger  than  average. 
Additional  findings  are  a lateral  meniscus  that  is 
larger  than  the  medial  meniscus  and  distinct 
asymmetry  in  the  size  of  the  anterior  and 
posterior  meniscal  horns.  Also  meniscal  material 
extending  into  the  intercondylar  notch  is 
indicative  of  a discoid  meniscus.  An  impor- 
tant variant  of  discoid  meniscus  is  the  Wrisberg 
variant  in  which  there  is  only  one  attachment  of 
the  posterior  horn  of  lateral  meniscus  to  the 
capsule,  the  ligament  of  Wrisberg. 


Comments 

The  discoid  lateral  meniscus  is  a clinically 
significant  finding  due  to  a high  associated 
incidence  of  meniscal  tear  and/or  cystic  degen- 
eration of  the  meniscus.  The  discoid  meniscus 
can  be  symptomatic  without  evidence  of  tear  as 
seen  in  the  case  of  the  Wrisberg  variant,  which 
does  not  have  the  normal  capsular  attachments. 


(continued  on  page  180) 
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Fig,  7 2.  (a)  Coronal  fat-suppressed  T2- weighted  imaging  (FS  T2WI)  shows  a discoid  lateral  meniscus  with  a tear  (arrow)  in  a skeletally  immature 
patient  (b)  Coronal  FS  T2WI  shows  a large,  high  signal,  multiseptated  parameniscal  cyst  adjaaent  to  the  tom  discoid  lateral  meniscus,  (c)  Coronal 
proton  density-weighted  Imaging  (PDWI)showsa  low  signal  parameniscal  cyst  adjaaent  to  a discoid  lateral  meniscus,  (d)  Coronal  POWI  from  a seaond 
patient  shows  a large  tear  in  a discoid  lateral  meniscus,  (e)  Coronal  F5  TZWI  from  a second  patient  shows  a large  high  signal  tear  in  a disaoid  lateral 
meniscus,  (f)  Sagittal  FS  T2WI  from  a seaond  patient  shc^s  a large  tear  in  a discoid  lateral  meniscus. 
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Table  7.1  (Cont)  Lesions  of  the  menisci 


Abnormalities 

MRI  findings 

Comments 

Mucoid  degeneration  and  intaasubstanee  lean 
(►  Fig.  73:  ► Fig.  7 A) 

in  mucoid  degeneration  on  both  FS  12WI  and 
PDWI  there  is  globular  increased  signal  seen  in 
either  or  both  the  medial  and  the  lateral 
meniscus.  This  abnormality  may  be  seen  In 
either  or  both  the  anterior  and  the  posterior 
hom  of  tiie  meniscus.  The  body  of  the  meniscus 
may  also  be  Involved.  The  abnormality  may 
extend  to  a meniscai  surfaee.  intrasubstanee 
tear  is  seen  as  linear  high  signal  on  both  FS  T2WI 
and  PDWI  and  may  be  present  In  the  medial  or 
lateral  meniscus  or  both.  The  abnormality  may 
involve  tiie  posterior  hom.  body,  anterior  hom, 
or  any  combination.  Intrasubstanee  tears  do  not 
extend  to  a meniscai  surface. 

Mucoid  degeneration  and  Intrasubstanee  tear 
are  not  readily  identif  ted  on  arthroscopy 
because  they  do  not  contact  tiie  meniscai 
surfaee.  Neither  entity  Is  considered  a true  tear. 
Both  abnormalities  are  due  to  mucinous 
degeneration  of  the  fibrocartilagenous  menis- 
cus. Both  abnormalities  are  likely  asymptomatic 
Incidental  findings  on  MRI  exams.  Neither 
abnormality  is  treated  suigicallfy. 

Horizontal  or  oblique  tsars 
(•  Fig.  7.5) 

Ihese  tears  are  seen  as  linear  Increased  signal 
on  POW1  and  FS  17W1  In  the  sagittal  and  coronal 
planes.  Ihese  signal  changes  often  reach  the 
inferior  surface  of  tiie  meniscus. 

These  tears  are  tiie  most  common  type  of 
meniscai  tear  and  typicality  occur  In  the  posterior 
horn  of  tiie  medial  meniscus.  These  tears 
are  usuailfy  degenerative  and  not  secondary 
totrauma. 

(continued  on  page  182) 

Fig.  7.3  (a)  Coronal  proion  density-weighted  Imaging  shows  a linear  high  signal  In  the  posterior  hom  of  the  medial  meniscus  that  does  not  reach  a 
meniscai  surface  (arrow),  (b)  Coronal  fat-suppressed  12-weighfced  imaging  (FS  T2WI)  shows  a linear  high  signal  in  the  posterior  hom  of  die  medial 
meniscus  that  does  not  roach  a meniscai  surfaee  (arrow),  (c)  A sagittal  FS  T2WI  shows  linear  high  signal  in  the  posterior  hom  of  medial  meniscus  that 
does  not  extend  to  a meniscai  surface. 
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Fig.  7.4  (a)  Coronal  proton  density-weighted 
imaging  shows  a globular  high  signal  in  the 
posterior  horn  of  the  medial  meniscus,  (b) 
Coional  fat -suppressed  T2-weighted  imaging 
shows  a globular  high  signal  in  the  posterior  horn 
of  die  medial  meniscus. 


Fig.  7.5  (a)  Sagittal  proton  density-weighted  Imaging  shows  an  oblique  tsar  of  the  posterior  horn  of  the  medial  meniscus  extending  to  the  Inferior 
menlscal  surface.  A smaller  component  of  the  tear  extends  to  the  superior  surf aoe  (arrow),  (b)  Sagittal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI) 
shows  an  oblique  tear  of  the  posterior  horn  of  the  medial  meniscus  extending  to  tile  inferior  meniscal  surface.  A smaller  component  of  tile  tear 
extends  to  the  superior  suit aee.  (c)  Sagittal  FS  T2WI  from  a second  patient  shows  a linear,  oblique  high  signal  in  the  posterior  horn  of  medial  meniscus 
extending  to  the  Inferior  menlscal  surface.  There  Is  also  supeifmposed  adjacent  mucoid  degenerative  change  (arrow). 
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Table  7.1  (Cont.)  Lesions  of  the  menisci 
Abnormalities 

Bucket  handle  tears 
(I  Fig.  7.6;  ► Fig.  7.7) 


MRI  findings 

The  classic  appearance  of  a bucket  handle  tear  is 
the  absent  bow  tie  seen  on  sagittal  images  as 
fewer  than  two  bow  ties  on  4-mm-thick  sagittal 
images.  There  will  often  be  the  associated 
double  posterior  cruciate  ligament  (PCL)  sign  in 
which  there  is  displaced  meniscal  material  in  the 
intercondylar  region  of  the  knee  such  that  there 
appears  to  be  a second  low  signal  band 
paralleling  the  native  PCL.  The  displaced 
meniscal  material  is  located  anterior  to  the  PCL 
This  tear  configuration  occurs  when  the  torn 
fragment  maintains  a connection  with  the 
anterior  and  posterior  horns  of  the  residual 
meniscus.  Alternatively  the  displaced  meniscal 
fragment  may  be  seen  to  have  flipped  to  the 
anterior  knee  such  that  it  is  now  adjacent  to 
the  anterior  horn.  This  posterior  horn  is  then 
diminutive  or  absent.  Sagittal,  coronal,  and 
sometimes  axial  planes  are  used  to  diagnose 
these  tears. 


Comments 

Bucket  handle  tears  are  commonly  seen  in 
athletes  involved  in  football  and  bastetball.  The 
classic  presenting  sign  is  knee  locking.  Although 
this  typical  finding  may  not  be  observed 
because  these  patients  can  be  difficult  to 
examine  soon  after  injury  due  to  guarding  and 
overall  decreased  range  of  motion.  Surgery  is 
typically  required  in  these  patients. 


(continued  on  page  184) 
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Fig.  7.6  (a)  Sagittal  fat-suppressed  T2- weighted  Imaging  (FS  T2WI)  shows  a diminutive  irregular  posteilor  ham  and  body  of  die  medial  meniscus  wfth 
bone  contusion  in  the  proximal  posterior  medial  tibia,  (b)  Sagittal  proton  density-weighted  imaging  (PDWI)  shows  a diminutive  irregular  posterior 
ham  and  body  of  the  medial  meniscus,  (c)  Sagittal  FS  T2WI  shows  meniscal  material  anterior  to  the  posterior  cruciate  ligament  (PCI.)  in  tile  central 
portion  of  die  knee  such  that  tiiere  Is  a double  PCLsIgn  (arrow),  (d)  Sagittal  PDWI  shows  meniscal  material  anterior  to  die  PCI  In  die  central  portion  of 
die  knee  such  that  there  Is  a double  PCL  sign  (arrow),  (e)  Coronal  FS  T2WI  shows  a diminutive  Irregular  posterior  hom  wftit  bone  contusion  in  the 
proximal  medial  tibia,  (f)  Coronal  PDWI  shows  meniscal  material  displaced  to  die  central  poition  of  the  knee  (arrow). 


Fig.  7.7  (a)  Sagittal  fat-supprased  T2» weighted  imaging  (FS  12 Wl)  shows  a meniscal  fragment  adjacent  to  the  anterior  hom  of  die  lateral  meniscus 
(arrow),  (b)  Sagittal  proton  density-weighted  Imaging  (PDWI)  shows  a meniscal  fragment  adjacent  to  the  anterior  horn  of  die  lateral  meniscus 
(arrow),  (c)  Coronal  FS  12 Wl  from  the  anterior  portion  of  die  knee  shows  a meniscal  fragment  adjacent  to  the  anterior  hom  of  the  lateral 
meniscus  (arrow). 


183 


The  Knee 


Table  7.1  (Cont.)  Lesions  of  the  menisci 

Abnormalities  MR  I findings  Comments 


Radial  tears 
(►  Fig.  7.8) 


Meniscal  root  tears 
(►  Fig.  7.9) 


Menisaocapsular  separation 
(►  Fig.  7.10) 


Radial  tears  are  vertically  oriented  tears.  On 
sagittal  images  there  Is  loss  of  the  normal  bow 
tie  configuration  of  the  meniscus  with  a much 
smaller  defect  than  is  seen  with  bucket  handle 
tears.  Truncation  of  the  normal  triangular 
appearance  of  the  meniscus  and  a small  cleft 
are  also  signs  of  radial  tears.  On  occasion  axial 
plain  images  may  also  show  these  tears  because 
they  occur  along  the  free  edge  of  the  meniscus. 
Meniscal  root  tears  are  a special  type  of  radial 
tear.  These  tears  are  most  frequently  seen  in  the 
medial  meniscus  posterior  root.  These  tears  are 
vertically  oriented  and  can  be  seen  on  sagittal 
images  as  ^regularity  of  the  inner  margin  of  the 
meniscus,  or  in  larger  tears  there  is  absence  of 
the  inner  margin.  The  coronal  plane  may 
directly  reveal  the  tear  as  a discontinuity  of 
meniscal  material  at  or  adjacent  to  the  meniscal 
root  There  may  also  be  a fluid-filled  gap 
between  the  tom  ends  of  the  meniscus,  which  is 
best  seen  on  the  coronal  plane.  This  is  often  the 
case  when  there  is  exbusion  of  the  meniscus. 
Meniscal  extrusion  is  an  important,  often 
associated  finding  in  the  case  of  meniscal  root 
tears.  Extrusion  of  meniscal  material  is  seen 
when  the  meniscus  extends  beyond  the  margins 
of  the  distal  femur  and  proximal  tibia.  Care  must 
be  taken  in  the  presence  of  large  marginal 
osteophytes  because  an  intact  meniscus  may  be 
seen  to  extend  parallel  to  the  osteophytes.  In 
some  respects  this  appearance  is  not  unlike  a 
disk  bulge  osteophyte  complex  seen  in  lumbar 
spine  MRI  exams. 

Increased  fluid  seen  between  the  meniscus  and 
the  joint  capsule  occurs  when  there  is  tearing  of 
the  meniscal  attachment  to  the  joint  capsule. 
This  type  of  injury  usually  occurs  in  the  posterior 
horn  of  the  medial  meniscus.  On  coronal  images 
fluid  separating  the  medial  meniscus  and  the 
medial  collateral  ligament  (MCL)  is  indicative  of 
meniscocapsular  separation.  On  sagittal  images 
unaovering  of  the  posterior  peripheral  portion 
of  the  tibia  is  a suggestive  though  not  definitive 
sign  of  meniscocapsular  separation.  There  can 
be  confusion  when  there  is  fluid  seen  in  the 
superior  and  inferior  capsular  recesses.  This 
finding  does  not  indicate  a meniscocapsular 
tear. 


Small  radial  tears  may  be  asymptomatic,  and 
larger  tears  are  often  painful.  Large  tears  will 
prevent  the  meniscus  fr om  performing  its 
normal  cushioning  function.  Over  time 
untreated  larger  radial  tears  will  result  in  early- 
onset  osteoarthritis  with  loss  of  adjacent  artic- 
ular cartilage  and  subaortical  reactive  marrow 
edema.  Larger  radial  tears  are  often  treated 
surgically. 

Meniscal  root  tears  are  often  symptomatic. 
There  is  severe  loss  of  meniscal  hoop  strength 
associated  with  these  tears.  Early-onset  osteo- 
arthiitis  is  typically  the  result  of  these  tears. 
There  are  the  expected  findings  of  extensive 
articular  cartilage  loss  and  degenerative  reactive 
marrow  edema  in  the  adjacent  subcortical  bone. 


These  are  often  symptomatic  and  result  in 
hypermobility  of  the  normally  less  mobile 
posterior  horn  of  the  medial  meniscus.  Small 
tears  may  heal  without  surgical  treatment. 
Larger  tears  will  usually  respond  well  to  surgical 
treatment  because  there  is  a rich  blood  supply  in 
the  periphery  of  the  meniscus. 


(continued  on  page  186) 
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Fig. 7.8  (a)  Sagittal  fat-suppressed  T2- weighted 
Imaging  (F5  T2WI)  shows  a vertically  oriented 
high  signal  tsar  that  extends  to  die  superior  and 
inferior  meniscal  surfaces  (arrow),  (b)  Sagittal 
proton  density-weighted  imaging  (PDWI)  shows 
a vertically  oriented  high  signal  linear  tear 
contacting  both  meniscal  surfaces  (arrow). 


Fig.  7.9  (a)  Coronal  proton  density-weighted  Imaging  (PDWI)  shows  disruption  of  the  medial  meniscal  posterior  root  (arrow),  (b)  Coronal  fat- 
suppressed  T2-welghted  Imaging  (F5  T2WI)  shows  disruption  of  the  medial  meniscal  posterior  root  (aiTOw).  (c)  Sagittal  FS  T2WI  shows  a tom  high 
signal  remnant  of  the  posterior  root  of  die  medial  meniscus  (arrow). 


Fig. 7.10  (a)  Sagittal  fat-suppressed  T2-wefghted 
Imaging  shows  high  signal  fluid  between  the 
medial  meniscus  posterior  horn  and  die  joint 
capsule  (arrow)  and  unaoverlng  of  die  posterior 
peripheral  portion  of  the  tibia,  (b)  Sagittal  proton 
density-weighted  imaging  shows  intermediate 
signal  between  die  medial  meniscus  posterior 
horn  and  die  joint  capsule. 
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Ta Me  7.1  (Cont)  Lesions  of  the  menisci 


Abnormalities 

MRI  findings 

Comments 

Meniscal  cysts 
( Fig.  7.11;  ► Fig.  7.12) 

Meniscal  cysb  are  seen  as  high  signal  on  FS 

12  Wl  and  low  signal  on  PDWI.  These  cysb  are 
often  septated  and  are  highly  variable  in  size, 
ranging  from  a few  millimeters  to  several 
centimeters.  Meniscal  cysb  are  usually  seen 
along  the  periphery  of  the  meniscus  and  often 
can  be  seen  to  oommunlcate  wfth  a meniscal 
tear.  Not  all  meniscal  cysb  are  associated  wfth  a 
meniscal  tear.  Some  meniscal  cysb  are  entirely 
located  within  the  meniscus,  an  Intramenlscal 
cyst,  intramenlscal  cysb  can  also  extend  beyond 
the  maigins  of  the  meniscus  into  the  adjaeent 
soft  tissues. 

Most  meniscal  cysb  occur  on  the  medial  side. 
Most  of  these  cysb  are  associated  with  the 
posterior  horn.  Meniscal  cysb  am  thought  to 
occur  as  a result  of  synovial  fluid  extending 
through  a meniscal  tsar.  Meniscal  cysb  may  be 
symptomatic  and  may  require  suigicai 
treatment 

(continued  on  page  188) 


Fig.  7.11  (a)  Sagittal  fat-suppressed  12-weighted  imaging  (FS  T2WI)  shows  a high  signal  intrameniscal  cyst  within  the  anterior  horn  of  the  lateral 
meniscus  (arrow),  (b)  Sagittal  Image  shows  an  intermediate  signal  Intramenlscal  cyst  within  the  anterior  horn  of  lateral  meniscus,  (c)  Coronal  FS  T2W1 
shows  a high  signal  intramenlscal  cyst  within  the  anterior  horn  of  the  lateral  meniscus  with  an  adjacent  tear  of  the  meniscus  (arrow). 
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Fig.  7.12  (a)  Coronal  fat-suppressed  T2-welghted  Imaging  (FSTZWI)  shows  a large  high  signal  multtseptated  medial  paramenlscal  cyst  adjacent  to  a 
tom  medial  meniscus,  (b)  Coronal  proton  denslty^welghted  Imaging  shows  a septated  Intermediate  signal  medial  paramenlscal  cyst  (c)  Sagittal  FS 
T2WI  shows  a large  high  signal  medial  parameniscal  cyst. 


187 


TheKnee 


Table  7.1  (Cont.)  Lesions  of  the  menisci 

Abnormalities 

MRI  findings 

Comments 

Postoperative  meniscus 
(►Fig.  7.13;  Fig.  7.14) 

Recurrent  and  residual  meniscal  tears  are 
difficult  to  accurately  diagnose  with  conven- 
tional MRI.  On  oonventional  MRI  a recurrent  or 
residual  tear  will  be  seen  as  a linear  zone  of  high 
signal  on  FS12WI  tiiat  reaches  an  articular 
surface.  Unfortunately  the  posteurgial  appear- 
ance of  die  residual  meniscus  can  have  a similar 
appearance  with  no  new  or  residual  tear 
present.  A free  fragment  is  a more  convincing 
sign  of  meniscal  re-tear.  If  a prior  postoperative 
MRI  is  available  for  oomparlson  tills  coulld  be 
helpful  in  finding  a re-tear  rf  there  is  an  interval 
change  In  the  appearance  of  the  residual 
meniscus.  MRI  arthrography  of  die  knee  Is  very 
helpful  in  distinguishing  postoperative  meniscal 
changes  from  recurrent  or  residual  meniscal 
tear.  On  FS  Tl-welghted  Imaging  (T1WI) 
injected  saline  with  dilute  gadolinium  chelate 
can  be  seen  as  linear  high  signal  extending  into 
a residual  or  recuirent  tear.  A postsurglcal 
change  witiiout  recurrent  or  residual  meniscal 
tear  will  have  linear  high  signal  on  FS  T2WI 
and  no  evidence  of  corresponding  high  signal 
on  FS  T1WI. 

The  question  of  residual  and  recurrent  tear 
versus  postoperative  change  is  a common 
indication  for  MRI  of  the  knee.  Unfortunately 
tills  Is  usually  a difficult  diagnostic  challenge  on 
conventional  MRI.  MRI  arthrography  seems  to 
be  superior  to  conventional  MRI  for  this  indica- 
tion. Recurrent  meniscal  tears  are  a common 
occurrence  and  may  require  additional  surgery. 

Fig. 7. 13  (a)  Coronal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  shows  a diminutive  residual  medial  meniscus  with  medial  compartment  cartilage 
loss,  degeneiative  reactive  marrow  edema  In  the  medial  femoral  condyle  and  opposite  proximal  tibia  (bright  signal),  and  maiginal  osteophytes,  (b) 
Coronal  proton  density-weighted  imaging  shows  a small  residual  medial  meniscus  with  degenerative  changes  in  the  medial  compartment  (c)  Sagittal 
FS  T2W)  shows  postoperative  residual  medial  meniscus  with  some  intemai  high  signal  in  die  residual  posterior  horn. 
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Fig.  7.14  (a)  Coronal  proton  density-weighted  imaging  (PDWI)  shows  a medial  meniscal  fragment  adjacent  to  the  inner  margin  of  the  posterior  horn 
of  the  medial  meniscus  (arrow)  In  a patient  with  prior  partial  meniscectomy,  (b)  Coronal  fat-suppressed  T2-weighted  Imaging  (FS  T2WI)  shows  a 
medial  meniscal  fragment  adjacent  to  die  inner  margin  of  die  posterior  horn  of  die  medial  meniscus  (arrow),  (c)  Sagittal  FST2WI  of  the  inner  medial 
meniscus  shows  a diminutive  anterior  horn  with  extra  meniscal  material  in  die  posterior  horn  that  includes  a displaced  meniscal  fragment  (arrow), 
(continued) 
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Fig.  7.14  (continued)  (d)  Sagittal  FS  T2WI  shows  postoperative  changes  of  prtor  partial  medial  meniscectomy  in  the  posterior  bom  of  the  medial 
meniscus,  (e)  MRI  aithrographic  sagittal  FS  T2WI  from  a second  patient  shows  irregular  linear  high  signal  In  die  posterior  horn  of  the  medial  meniscus, 
which  has  had  prior  partial  meniscectomy,  (f)  MRI  arthrographic  sagittal  FS  T1WI  from  a second  patient  shows  high  signal  contrast-laden  fluid 
entering  into  the  substance  of  the  posterior  horn  of  the  residual  medial  meniscus  (arrow)  indicating  a re-tear,  (g)  MRI  arthrographic  coronal  FS  T2WI 
from  a second  patient  shows  high  signal  contrast-laden  fluid  extending  Into  the  substance  of  the  posterior  bom  medial  meniscus  (arrow),  (h)  MRI 
arthrographic  sagittal  FS  T2WI  from  a third  patient  who  had  prior  partial  meniscectomy  shows  linear  high  signal  In  the  posterior  horn  of  the  residual 
medial  meniscus,  (i)  MRI  arthrographic  sagittal  FS  T1WI  from  a third  patient  shows  high  signal  contrast-laden  fluid  extending  into  the  posterior  horn 
of  the  medial  meniscus  Indicating  re-tear  (arrow). 
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7.2  Lesions  of  the  Knee  Ligaments 

• Anterior  cruciate  ligament  (AG)  tears 

• Partial  ACL  tears 

• Mucoid  cystic  degeneration  of  the  ACL  and  posterior  cruciate 
ligament  (PCL) 


• Postoperative  ACL  and  Re-tear 

• Afthrofibrosis 

• PCL  tears 

• Medial  collateral  ligament  (MG ) tears 

• Lateral  collateral  ligament  (LG)  •omplex  tears 

• Iliotibial  band  syndrome 


Table  7.2  Lesions  of  the  knee  ligaments 


Abnormalities 


MR] 


Anterior  cruciate  1 he  ACL  Is  well  seen  In  both  sagittal  and  aononal  planes.  The 

ligament  (ACL)  tears  normal  ACL  Is  nonunlfonn  In  signal  on  fat-suppressed  T2- 
(►  Fig.  7.15;  weighted  imaging  (FS  T2WI).  The  distal  tibial  attachment  is 

► FI  g . 7 . 1 6 ) usually  heterogeneously  Increased  In  signal  with  the  proximal 

femoral  attachment  more  uniformly  low  signal.  When  die  ACL 
is  tom  it  is  often  completely  disrupted  sudi  that  there  may  be 
no  remaining  Identifiable  fibers  In  Its  expected  location  In  the 
Intercondylar  notch.  On  occasion  there  may  be  a few  residual 
fibers  remaining.  In  acute  ACL  tears  there  are  often  associated 
findings  that  vary  depending  on  the  nature  of  the  Injury.  The 
most  aommon  associated  findings  Indude  bone  bruises  In  the 
lateral  femoral  condyle  and  proximal  posterior  tibia.  In  some 
cases  there  m ay  b e significant  impaction  of  the  lateral  femoral 
■ondyle,  which  can  be  seen  on  radiographs  of  the  knee.  Other 
associated  injuries  can  include  meniscal  tears  and  tears  of  the 
collateral  ligaments.  Posterolateral  comer  injuries  can  also 
ovcur  when  the  ACL  Is  tom. 


Comments 

The  most  aommon  causes  of  acute  ACL  tears  ane  atiiletic 
In  Julies  sustained  In  sports  such  as  football,  basketball, 
soever,  and  alpine  siding.  AQ  tears  result  in  knee  instability, 
which  can  result  in  the  inability  of  patients  to  return  to  their 
sport  unless  repaired  suiglcally.  Surgical  treatment  of  acute 
ACL  tears  is  becoming  more  common  as  patients  are  leading 
more  active  life  styles  at  ever  increasing  older  ages.  MRI  is 
very  sensitive  and  specific  In  identifying  tears  of  tiie  ACL. 
However,  even  in  the  setting  of  a dinically  obvious  ACL  tear 
MRI  is  often  used  to  evaluate  for  the  range  of  associated 
In  Julies  that  can  be  seen.  The  presence  or  absence  of  these 
associated  Injures  will  often  determine  what  treatment 
options  will  be  recommended. 


(continual  on  f>oqe  192J 


Fig  7.15  (a)  Sagittal  fat-suppressed  T2-weighted  imaging  (FS  T2WI)  shows  a thickened  edematous  anterior  cruciate  ligament  (ACL),  which  is  tom  at 
tiie  femoral  attadiment  (arrow).  Marrow  edema  from  aontiislon  Is  also  seen  In  the  posteilor  proximal  tibia,  (b)  Sagittal  proton  density-weighted 
Imaging  (PDWI)  shows  a thickened  ACL,  whldi  is  tom  from  its  femoral  attachment  (c)  Coronal  FS  TZWI  shows  a aontuslon  of  the  proximal  lateral  tibia 
with  avulsion  fracture  of  tiie  proximal  lateral  tibia  (the  Gerdy  tubercle)  (arrow),  (d)  Coronal  PDWI  shows  a proximal  lateral  tibia  avulsion  fracture  with 
adjacent  low  signal  edema,  (e)  Anteroposterior  radiograph  shows  avulsion  fracture  at  the  Gerdy  tubercle,  (f)  Sagittal  FS  T2WI  shows  a typical  pattern 
of  bone  bruises  In  an  AQ  tear  that  Includes  tiie  lateral  femoral  condyle  and  the  posterior  proximal  tibia. 
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Fig.  7.16  (a)  Sagittal  proton  density-weighted  imaging  (PDWI)  shows  a tibia!  spine  avulsion  fracture  (arrow)  and  thidcEned  edematous  anterior 
cruciate  ligament  (ACL),  (b)  Sagittal  fat-suppressed  T2«we1ghted  Imaging  (F5  T2WI)  shows  a tiblal  spine  avulsion  fracture  with  an  adjacent  bone 
•ontusfon  and  thlctened  edematous  ACL  (c)  Coronal  FS 12WI  shows  bone  aontuslon  In  the  lateral  femoral  condyle  wfth  a tiblal  spine  avulsion  fracture 
and  adjacent  bone  contusion,  (d)  Axial  FS  T2WI  shows  a large  lipohemartiirosis.  (e)  Anteroposterior  (AP)  radiograph  of  tile  knee  shows  a fracture  of 
tiie  tiblal  spines  In  a skeletally  Immature  patient  (f)  Sagittal  POWI  from  a different  patient  shows  a tiblal  spine  avulsion  fracture  (arrow)  wfth  an  Intact 
ACL  (g)  Sagittal  FS  12WI  shows  an  old  tiblal  spine  avulsion  f lactnre  wfth  an  Intact  ACL  (h)  AP  radiograph  shows  a tiblal  spine  avulsion  fracture  in  a 
skeletally  mature  patient. 
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Table  7.2  (Cont.)  Lesions  of  the  knee  ligaments 

Abnormalities  MRI  findings  Comments 


Partial  ACL  tears 
( Fig.  7.17) 

Partial  tears  of  the  ACL  are  often  more  difficult  to  accurately  Partial  tears  of  the  ACL  may  or  may  not  be  clinically 
diagnose  with  MRI  than  complete  ACL  tears.  On  FS  T2WI  significant.  If  there  is  evidence  of  knee  instability  in  addition 

there  is  often  thickening  of  the  ACL  with  heterogeneously  to  MRI  findings  of  partial  ACL  tear  this  would  be  clinically 

increased  signal  either  focally  or  diffusely  throughout  the  significant.  Conversely,  the  MRI  finding  of  partial  ACL  tear  in 

ACL.  Other  findings  of  partial  ACL  tear  may  include  bowing  the  absence  of  knee  instability  is  less  likely  to  be  clinically 

or  buckling  of  ACL  fibers  and  thinning  of  the  ACL  with  overall  significant,  in  general  more  severe  partial  ACL  tears  are 
fewer  fibers  than  would  normally  be  expected.  There  may  associated  with  greater  knee  instability  on  physical  exam, 
also  be  associated  findings  of  the  typical  pattern  of  bone 
marruw  edema  that  is  seen  with  complete  ACL  tears. 

Evidence  of  ACL  laxity  may  also  be  observed.  This  could 
include  anterior  subluxation  of  the  tibia  with  respect  to 
the  femur. 

(continued  on  page  194) 
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Fig.  7.17  (a)  Sagittal  fat-suppressed  T2- weighted  imaging  (FS  T7WI)  shows  a thickened  partially  tem  anterior  cruciate  ligament  (AO)  with  internal 
high  signal,  (b)  Sagittal  proton  density-weighted  Imaging  (P0WI)  shows  a thickened  partially  tom  ACL  with  Internal  high  signal,  (c)  Coronal  FS  T2WI 
shows  a thickened  high  signal  partially  tom  ACL  (arrow),  (d)  Coronal  PDWI  shows  a thickened  partially  tom  ACL.  (e)  Sagittal  FS  T2WI  from  a second 
patient  shows  high  signal  in  an  apparent  severe  partial  ACL  tear,  (f)  Coronal  FS  T2WI  from  tile  same  patient  shows  diffuse  high  signal  in  a severe  partial 
ACL  tear,  (g)  Sagittal  FS  T2WI  from  the  same  patient  1 year  later  shows  a marked  decrease  In  signal  In  the  ACL  with  substantial  remaining  fibers,  (h) 
Corresponding  aoronal  FS  T2WI  from  the  same  patient  shows  evidence  for  Interval  healing  of  the  previously  partially  tom  ACL 
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Table  7.2  (Cont)  Lesions  of  the  knee  ligaments 


Abnormalities 

MRI  findings 

Comments 

Mucoid  cystic 
degeneration  of  the 
ACL  and  PCL 
(►  Fig.  7.18; 

► Fig.  7.19) 

On  FS  T2WI  a rounded  high  signal  structure  Is  seen  within 
the  ACL  or  PCX.  These  cysts  can  be  seen  to  be  located  in 
between  the  ACL  or  PCL  fibers  such  that  they  are  splayed 
apart.  On  sagittal  Images  these  intraligamentous  cysts  may 
have  a “drumstick*  appearanee.  these  cysts  are  of  variable 
size  and  can  be  seen  to  occupy  a portion  of  or  the  majority 
of  the  ACL  or  PCL 

the  cysts  found  In  mueold  cystic  degeneration  of  the  ACL 
and  PCL  are  intraligamentous  ganglion  cysts,  these  cysts  are 
of  undear  clinical  significance  and  etiology,  these  cysts  may 
be  associated  with  knee  pain  that  In  some  patients  Is 
worsened  with  activity.  In  some  patients  muaoid  cystic 
degeneration  may  be  due  to  remote  prior  trauma.  However, 
this  Is  not  proven.  Some  patients  may  benefit  from  surgical 
debridement, 

(continued  on  page  196) 


Fig.  7.18  (a)  Sagittal  fat-suppressed  T2- weighted 
imaging  (FS  T2WI)  shows  a high  signal  cystic 
lesion  within  the  proximal  portion  of  the  anterior 
cruciate  ligament  (ACL)  with  a typical  “drumstick 
appearance  of  the  ACL"  (b)  Sagittal  proton 
density-weighted  imaging  (PDWI)  shows  an 
intermediate  signal  lesion  in  the  proximal  ACL  (c) 
Coronal  FS  T2WI  shows  a high  signal  cystic  lesion 
in  the  proximal  ACL  (d)  Coronal  PDWI  shows  an 
intermediate  signal  lesion  in  the  proximal  ACL 
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Fig.  7,19  (a)  Coronal  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  shows  an  expanded 
posterior  cruciate  ligament  (PCL)  wftii  high  signal 
separating  die  ligament  fibers  (arrow),  (b) 
Sagittal  FS  TZW1  shows  a globular  high  signal  in 
an  expanded  PCL  (c)  Sagittal  proton  density^ 
weighted  Imaging  (POWI)  shows  an  Intermediate 
globular  signal  in  an  e^anded  PCL  (d)  Axial  FS 
T2WI  shows  a globular  increased  signal  in  an 
expanded  PCL  (arrow). 


b 
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Table  7.2  (Cont)  Lesions  of  the  knee  ligaments 


Abnormalities  MRI  findings 


Comments 


Postoperative  ACL  and 

re-twr 

(t  Fig.  720; 

► Rg.  7.21) 


The  MRI  appearance  of  the  repaired  ACL  Is  variable 
depending  on  the  type  of  repair  performed.  Hie  major  types 
of  ACL  repair  Include  Ad  allograft,  split  native  patellar 
tendon,  and  native  semltendlnosus/gradlls.  The  normal  Ad 
repair  Is  uniformly  low  signal  on  all  MRI  sequences.  The 
repaired  ACL  may  be  poorly  seen  on  standard  MRI  sequences 
such  as  F5  T2WI.  This  Is  often  the  case  vrfien  Ad  allograft 
repair  Is  performed  because  there  are  metallic  Interference 
screws  placed  in  the  distal  femur  and  proximal  tibia.  These 
screws  may  produce  a variable  amount  of  magnetic 
susceptibility  artifact  depending  on  the  exact  composition 
and  location  of  tire  screw.  F5  TZW1  scans  are  very  sensitive  to 
the  presence  of  metal,  which  will  cause  localized  failure  of 
fat  suppression.  ShoitTI  Inversion  recovery  (STIR)  Images 
are  less  affected  by  metal.  A new  sequence  known  as  IDEAL 
on  GE  magnets  Is  the  least  affected  by  the  pnesenee  of 
metal.  This  new  sequence  results  In  excellent  visualization  of 
the  ACL  graft  as  well  as  other  structures  of  the  knee  that 
would  otherwise  be  obscured. 


in  ACL  graft  re- tsars  the  graft  will  be  disrupted  In  similar 
fashion  to  the  native  ACL  in  addition  there  are  often 
identical  associated  findings  of  typical  bone  bruise  pattern 
and  possibly  menlscal  and  collateral  ligament  tsars.  These 
findings  can  also  be  obscured  by  metal  susceptibility 
artifacts,  and  metal  suppressive  sequences  such  as  IDEAL  are 
veiy  helpful  In  defining  the  tine  extent  of  knee  Injuiy. 

ACL  repairs  are  besoming  Increasingly  eommon  In  a wide 
variety  of  pati  ent  ages.  This  is  likely  due  to  a variety  of 
factors,  Including  older  patients  engaged  in  higher  levels  of 
athletic  activtty  than  In  the  past  and  Increased  overall 
susses s of  ACL  repairs.  Unfortunately,  ACL  re-tears  are  quite 
common  and  are  often  caused  by  the  same  activity  and 
medianism  of  Injuiy  that  resulted  In  the  original  ACL  tear.  In 
many  patients  die  re-tear  will  be  suigically  repaired  with 
similar  need  to  identify  any  commonly  associated  injuries. 
Including  menlscal  tears,  cartilaginous  Injuries,  and  collateral 
ligament  injuries. 


(continued  on  page  198) 
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Fig.  7.20  (a)  Coronal  proton  density-weighted 
imaging  (PDWI)  shows  an  intact  anterior  cruciate 
ligament  (ACL)  graft  wftii  partial  visualization  of 
the  femoral  and  tlblal  tunnels.  Nate  some 
expected  magnetic  susceptibility  from  interfer- 
ense  screws  (airow).  (b)  Coronal  Iterative 
desomposltion  of  water  and  fat  with  echo 
asymmeby  and  least  squares  estimation  (IDEAL) 
water  image  shows  an  intact  low  signal  ACL  graf  t 
with  markedly  reduced  magnetic  susceptibility 
artifact  compared  with  conventional  FS 12WI.  (c) 
Sagittal  IDEAL  water  image  shows  an  intact  low 
signal  ACL  graft  and  a portion  of  the  femoral  and 
tibial  tunnels,  (d)  Sagittal  PDWI  shows  an  intact 
low  signal  ACL  graft. 
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Fig.  7.21  (a)  Sagittal  Iterative  decomposition  of 
water  and  fat  with  echo  asymmeby  and  least 
squares  estimation  (IDEAL)  water  Image  shows  a 
thickened  high  signal  tom  anterior  cruciate 
ligament  (ACL)  graft,  (b)  Sagittal  proton  density- 
weighted  Imaging  shows  a thlcUened  tom  ACL 
graft,  (c)  Coronal  IDEAL  water  Image  shows 
amorphous  high  signal  material  in  the  expected 
location  of  the  AO.  graft  (arrow),  (d)  Sagittal 
IDEAI.  water  Image  shows  high  signal  bone 
bruises  in  the  lateral  femoral  condyle  and 
proximal  posterior  tibia.  This  is  the  same 
pattern  of  bone  bruising  seen  In  acute  tears  of 
the  native  ACL. 
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Table  7.2  (Cont.)  Lesions  of  the  knee  ligaments 


Abnormalities 

MRI  findings  Comments 

Arthrofibrosis 
(►  Fig.  7.22) 

The  MRI  appearance  is  variable.  Most  commonly  there  is  a Arthrofibrosis  may  cause  a combination  of  pain  and 

rounded  area  of  mixed  heterogeneous  signal  on  FS  T2WI  decreased  range  of  motion  in  patients  who  have  had  prior 

located  anterior  to  the  ACL  graft  and  in  or  adjacent  to  Hoffa  ACL  reconstruction.  In  some  cases  surgery  is  required 
fat  On  PDWI  the  abnormality  is  often  heterogeneous  low 
signal.  This  abnormality  is  best  seen  in  the  sagittal  plane. 

The  zone  of  abnormal  signal  is  caused  by  postoperative  scar 
formation  and  when  viewed  arthroscopically  is  referred  to  as 
a cyclops  lesion. 

(continued  on  page  200) 
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Fig.  7.22  (a)  Sagittal  fat-suppressed  T2-weighted  imaging  shows  a mixed  high  signal  rounded  structure  anterior  to  the  anterior  cruciate  ligament  graft 
consistent  with  a cyclops  lesion  (arrow),  (b)  Sagittal  proton  denslty^wdghted  Imaging  shows  a mixed  signal  structure  anterior  to  the  cruciate 
ligaments  consistent  with  a cyclops  lesion  (arrow). 
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Table  7.2  (Cont)  Lesions  of  the  knee  ligaments 


Abnormalities 

MRI  findings 

Comments 

PCL  tsars 
(►  Fig.  7 .23; 

► Fig.  7.24;  ► Fig  7.25) 

The  normal  PCL  is  low  signal  throughout  Its  course  on  all 
pulse  sequenaes.  In  some  patients  there  may  be  subtle 
variation  in  signal  in  the  proximal  third  of  the  PCLa  possibly 
related  to  magic  angle  phenomenon.  The  PCL  Is  best 
evaluated  on  sagittal  images.  The  normal  PCL  may  appear 
thickened  in  its  middle  tiiiid  on  sagittal  plane  images.  This  is 
due  to  adjacent  meniscofemoral  ligaments  of  Humphrey 
(anterior  to  the  PCL)  and  Wrlsbeig  (posterior  to  the  PCL). 
Most  tears  of  the  PCL  are  complete  and  appaar  as 
discontinuity  of  the  ligament.  In  some  cases  die  PCL  Is  not 
visualized  at  all.  Partial  tsars  of  the  PCL  can  occur  and  have 
variable  appearance  A common  appearance  of  partial  PCL 
tear  Is  heterogeneous  Increased  signal  within  the  substance 
of  tiie  PCL  on  FST2WI  and  proton  density-weighted 
imaging  (POWI)  with  intact  borders  along  the  anterior  and 
posterior  margins.  Mucoid  cystic  change  can  also  occur  In 
the  PCL  and  has  a similar  appearance  to  mucoid  cystic 
degeneration  of  tiie  ACL 

PCL  tears  are  less  common  than  ACL  tsars.  Most  PCL  tears 
occur  In  high-level  athletes  such  as  college  and  professional 
football  players  or  as  a result  of  car  accidents  with  tiie  fle*ed 
knee  striking  the  dashboard.  The  PCL  Is  a stronger  ligament 
than  the  ACL,  and  Injuries  require  more  force  than  Is  seen  In 
the  ACL  PCL  injuries  are  also  commonly  associated  with 
other  Injuries  including  fracture  and  Injuiy  of  tiie  postero- 
lateral comer.  PCL  tears  occur  In  true  knee  dislocations 
(femoral  tibia!  dislocation).  If  this  is  suspected  the  popliteal 
arleiy  should  be  carefully  evaluated,  with  absence  of  the 
normal  popliteal  signal  void  raising  suspicion  for  a possible 
posttraumatic  dissection. 

The  frequency  of  PCL  reconstruction  Is  much  lower  than  that 
of  ACL  reconsbuction.  PCL  reconstruction  Is  usually  reserved 
for  high-level  athletes.  Some  patients  with  PCL  tears  may  be 
asymptomatic  and  unaware  that  the  ligament  Is  tom.  PCL 
tears  do  predispose  to  early-onset  osteoarthritis. 

(continued  on  page  202) 


Fig.  7.23  (a)  Sagittal  fat-suppressed  T2-welghted 
imaging  (FS  T2WI)  shows  a thiclened  high  signal 
posterior  crudale  ligament  (PCL)  with  disruption 
of  fibers,  (b)  Sagittal  proton  density-weighted 
imaging  (PDWI)  shows  a thickened  heteroge- 
neous PCL  with  disruption  of  fibers,  (c)  Coronal 
FS  12WI  shows  a high  signal  PCL  with  disrupted 
fibers,  (d)  Coronal  POWI  shows  amorphous 
remnants  of  a disrupted  PCL  (aiTOM0. 
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Fig.  7.24  (a)  Coronal  proton  density-weighted  Imaging  (PDWI)  shows  a tom  posterior  cmdate  ligament  (PQ.)  with  an  attached  avulsion  fracture  of 
die  tiblal  spine  (arrow),  (b)  Coronal  fat-suppressed  T2-welghted  Imaging  (F5  T2WI)  shows  a tom,  III -defined  PCL  attached  to  an  avulsed  fracture  of  the 
tibial  spine.  Note  extensive  marrow  edema  of  the  adjacent  proximal  tibia,  (c)  Axial  F5  T2WI  shows  a large  lipohemarthnosis.  (d)  Sagittal  PDWI  shows  a 
PCLtear  with  an  attached  avulsion  fracture  fragment  There  Is  also  an  Intramedullaiy  fracture  of  the  proximal  tibia  (low  signal  line  extending  obliquely 
and  Infieiiorly  towaid  the  anterior  tiblal  cortex  (arrow),  (e)  Sagittal  F5  T2WI  shows  a PCL  tear  with  an  attached  avulsed  fiactiire  fragment  (arrow)  and 
adjacent  marrow  edema  with  an  oblique  high  signal  intramedullary  fracture  of  the  proximal  tibia.  Note  the  lipohemarthrosis.  (f)  lateral  radiograph 
shows  a displaced  avulsion  fracture  of  the  proximal  posterior  tibia.  There  Is  also  a large  Joint  effusion. 


Fig.  7.25  (a)  Sagittal  proton  density-weighted 
imaging  shows  an  intact  posterior  cruciate 
ligament  (PCL)  graft  wftii  foci  of  magnetic 
susceptibility  artifact  related  to  the  presence  of 
metal,  (b)  Sagittal  fat-suppressed  12-weighted 
Imaging  shows  an  Intact  PCL  graft  with  some 
adjacent  magnetic  susceptibility  artifact 
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Table  7.2  (Cont.)  Lesions  of  the  knee  ligaments 


Abnormalities  MRI  findings 


Comments 


Medial  collateral 
ligament  (MCL)  tears 
(►  Fig.  7.26; 

► Fig.  7.27;  ► Fig.  7.28) 


The  normal  anatomy  of  the  MCL  is  complicated,  with  both 
deep  and  superficial  components.  The  MCL  is  well  seen  on 
coronal  plane  images  and  is  low  signal  on  both  PDWI  and  FS 
T2WI.  Tears  of  the  deep  fibeis  are  common  and  of  lesser 
significance  than  tears  of  the  superficial  fibers.  Tears  of  the 
MCL  may  be  partial  or  complete.  Partial  tears  usually  have 
increased  edema  signal  sunounding  the  ligament  on  coronal 
FS  T2WI  with  intact  low  signal  ligament  fibers.  A more 
severe  partial  tear  has  surrounding  edema  and  increased 
signal  within  the  substance  of  the  ligament  as  seen  on  FS 
T2WI.  Complete  tears  of  the  MCL  reveal  disruption  of  the 
ligament  fibers  with  surrounding  edema.  Most  tears  occur 
near  the  proximal  femoral  attachment  of  the  MCL  with  tears 
of  the  midsubstance  and  distal  tibial  attachment  of  the  MCL 
occurring  less  frequently.  Chronic  injuries  of  the  MCL  are 
also  commonly  seen  on  MRI  exams  of  the  knee.  Old  partial 
tears  are  seen  as  low  signal  thickened  ligaments  on  coronal 
plane  PDWI  and  F5  T2WI.  In  some  cases  old  injuries  of  the 
MCL  may  be  seen  on  radiographs  as  calcification  in  the 
expected  location  of  the  MCL  (Pellegrini-Stieda  disease). 


Injuries  of  the  MCL  are  common  and  typically  occur  in 
athletes  participating  in  football  or  skiing.  Patients  often 
complain  of  med'ial  knee  pain  and  may  demonstrate 
instability  with  valgus  stress.  MCL  injuries  are  often 
associated  with  other  injuries  including  meniscal  tears  and 
ACL  tears.  Most  patients  with  MCL  injuries  do  not  require 
surgery.  The  severity  of  the  injury  will  often  correlate  with 
the  length  of  time  required  before  the  patient  can  resume 
full  activity  and  return  to  sport. 


(continued  on  page  204) 
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Fig.  7.26  (a)  Coronal  fat-suppressed  T2- 
weighted  imaging  shows  high  signal  fluid  on 
both  sides  of  an  Intact  medial  collateral  ligament 
(MCL).  This  Is  a sprain  of  die  MCL  (b)  Coronal 
proton  density-weighted  imaging  shows 
Intennedlate  signal  fluid  on  both  sides  of  an 
Intact  MCL. 


Fig.  7.27  (a)  Coronal  fat-suppressed  T2- 
weighted  Imaging  shows  a high  signal  thickened 
partially  torn  proximal  medial  collateral  ligament 
(MCL)  (arrow),  (b)  Coronal  proton  density- 
weighted  Imaging  shows  a thickened  partially 
tom  proximal  MCL 
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Fig.  7.28  (a)  Coronal  fat-suppressed  T2-weighted  imaging  (FS  T2WI)  shows  a redundant  ruptured  medial  collateral  ligament  (MCL)  with  bone  bruises 
In  the  lateral  femoral  condyle  and  proximal  lateral  tibia,  (b)  Coronal  proton  density-weighted  Imaging  (POWI)  shows  a redundant  ruptured  MCL.  (c) 
Axial  FS  T2WI  shows  a high  signal  thickened  tom  MCL  (arrow). 
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Table  7.2  (Cont)  Lesions  of  the  knee  ligaments 


Abnormalities  MRI  findings 

Lateral  aollateral  The  LCL  aomplex  Is  aomposed  of  several  sbuctures  with  the 

ligament  (ICI.)  aomplex  most  important  aonsisting  of  the  fibular  collateral  ligament 
tears  (the  true  LCL).  tiie  biceps  femoris  tendon,  and  the  iliotibial 

(►  Rg.  7.29;  band.  In  addition  there  are  two  other  structures  that  are  not 

► Fig.  7.30)  normally  always  seen;  the  arcuate  ligament  and  tire 

popliteofibular  ligament  In  general  the  aoronal  plane  is  best 
for  evaluating  the  ICL  aomplex.  The  fibular  collateral 
ligament.  Iliotibial  band,  biceps  femoris,  and  popliteofibular 
ligament  are  well  seen  as  dark  signal  linear  bands  on  POWI 
and  FS  T2WI.  The  axfal  plane  Is  best  for  evaluating  tiie 
ancuate  ligament  If  It  can  be  seen  at  all.  The  normal  arcuate 
ligament  is  a dark  signal  band  on  POWI  and  F5  T2WI  in  the 
expected  location  of  the  posterior  capsule.  FS  T2WI  is  best 
for  Identifying  abnormalities  of  the  ICL  complex.  Minor 
injuries  including  sprains  will  appear  as  high  signal  on  both 
sides  of  tiie  abnonnal  structure.  Tears  are  seen  as 
discontinuity  of  the  ligament  The  posterolateral  comer  Is  a 
subset  of  tiie  ICL  complex  with  the  most  Important 
components  consisting  of  tiie  fibular  collateral  ligament, 
biceps  femoris  tendon,  arcuate  ligament  and  popliteofibular 
ligament 

Iliotibial  (IT)  band  syn-  The  fT  band  Is  the  anterior  portion  of  tiie  ICL  complex  and  Is 
drome  normally  well  seen  on  coronal  Images  as  a well-defined  low 

(►  Fig.  731)  signal  band  attaching  to  tiie  anterior  portion  of  tiie  distal 

tibia.  The  normal  IT  band  passes  dose  to  tiie  anterior  portion 
of  tiie  lateral  femoral  condyle  (LFC).  In  R band  syndrome 
there  is  increased  fluid  seen  between  tiie  R band  and  tiie 
anterior  portion  of  tiie  lateral  femoral  condyle.  On  coronal 
FS  T2WI  high  signal  fluid  is  seen  replacing  the  low  signal 
normal  fat  between  the  R band  and  tiie  anterior  LFC. 


Comments 

ICL  complex  Injuries  are  less  common  than  MCL  Injuries. 
Injuries  of  the  more  posterior  structures,  including  the 
fibular  collateral  ligament,  biceps  femoris  tendon,  and 
arcuate  ligament  are  more  likely  to  cause  dlnlcally  significant 
loss  of  knee  stability  and  Increased  knee  pain.  Posterior  ICL 
ligament  complex  injuries  (also  known  as  posterolateral 
comer  Injuries)  often  occur  In  association  with  cruciate 
ligament  Injuries.  The  combination  of  cruciate  tsar  and 
postererolateral  corner  injuiy  often  lequires  surgery,  and  the 
suigeon  needs  to  know  tills  Inf  onnatlon  because  ACL  grafts 
are  thought  to  fail  more  often  If  tiie  there  is  an  untreated 
simultaneous  posterolateral  comer  tear.  Typical  causes  of 
ICL  complex  injuries  include  sports  and  motor  veh  icle 
accidents. 


R band  syndrome  often  presents  as  anterolateral  knee  pain 
In  a patient  with  a history  of  running.  Tliere  Is  Increased 
incidence  in  runners  with  recent  significant  increase  in 
running  distance.  The  cause  of  this  syndrome  Is  friction 
between  the  IT  band  and  tiie  LFC. 


Fig .7. 29  (a)  Coronal  fat-suppressed  T2 -weighted  imaging  (FS  T2WI)  shows  a thickened  high  signal  fibular  collateral  ligament  that  is  tom  distally 
(arrow),  (b)  Coronal  proton  density-weighted  Imaging  shows  a thickened  tom  fibular  collateral  ligament  (c)  Axial  FS  T2WI  shows  a thickened  high 
signal  tom  fibular  collateral  ligament  (arrow). 
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Fig.  7 JO  (a)  Coronal  fat-suppressed  T2  ^weighted  Imaging  (FS  T2WI)  shows  a torn  anterior  cmdate  ligament  (ACL)  with  remnant  fibers  In  the 
Intercondylar  notdi.  There  Is  also  a high  grade  medial  collateral  ligament  (MCL)  tear  and  bone  contusions  In  the  medial  femoral  condyle  and  proximal 
tibia,  (b)  Sagittal  FS  T2WI  shows  a lorn  ACL  with  some  remnant  fibers  in  the  intercondylar  notch,  (c)  Axial  FS  T2WI  shows  fluid  posterolaterally  beyond 
the  margins  of  the  joint  capsule  (arrow)  indicating  a tear  of  the  arcuate  ligament,  which  is  a component  of  the  posterolateral  comer.  There  is  also  flluid 
postenomedlally  (airow),  which  Is  seen  In  posteromedial  comer  Injuries. 


Fig.  7.31  (a)  Coronal  f at-supprnsed  T2- 
welghted  Imaging  (FS  T7W1)  shows  heteroge- 
neous high  signal  fluid  between  the  anterior 
lateral  femur  and  iliotibial  band  (arrow),  (b) 
Coional  proton  density-weighted  Imaging  shows 
Intermediate  signal  fluid  between  the  anterior 
lateral  femoral  condyle  and  the  iliotibial  band. 


7.2.1  Lesions  of  the  Knee  Ligaments 
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7.3  Cartilage  Lesions  of  the  Knee 

• Cartilage  defects 

• Osteochondral  injuries 

• Osteochondritis  dissecans 


Table  7.3  Cartilage  lesions  of  the  knee 

Abnormalities  MRI  findings 

Cartilage  defects  The  appearance  of  normal  cartilage  on  MRI  is 

(i  Fig.  7.32)  dependent  on  which  type  of  MRI  sequence  is 

used.  Cuirently  fat-suppressed  T2-weighted 
imaging  (FS  T2WI)  is  widely  used  to  examine 
cartilage.  The  cartilage  is  easily  identified  as  the 
structure  of  intermediate  signal  between  dark 
coitical  bone  and  blight  fluid.  Proton  density- 
weighted  imaging  (PDWI)  is  also  useful,  with 
cartilage  well  seen  as  higher  signal  than  the 
adjacent  cortical  bone.  Cartilage  defects  are  of 
several  types  and  well  seen  on  FS  T2WI. 
Cartilage  defects  may  be  acute  or  chronic. 
Cartilage  fissures  are  linear  high  signal  defects 
exbending  from  the  articular  surfaae  partially  or 
fully  to  the  cortical  bone.  When  there  are  many 
cartilage  fissures  this  is  referred  to  as  cartilage 
fibrillation.  An  ulcer  of  cartilage  is  a contour 
defect  arising  from  the  cartilage  articular 
surface  and  extending  to  a vaiiable  depth 
though  not  to  the  cortical  bone.  A full-thickness 
defect  is  a focal  or  diffuse  complete  loss  of 
articular  cartilage.  Cartilage  detects  are  often 
associated  with  adjacent  subcortical  marrow 
edema  and  subcoitical  geodes.  The  axial, 
coronal  and  sagittal  planes  are  needed  to  fully 
evaluate  the  cartilage  of  the  patellofemoral, 
medial,  and  lateral  knee  compartments. 


Comments 

Cartilage  may  be  injured  acutely  or  chronically 
over  many  years.  Acute  injuries  of  cartilage 
often  result  in  focal  partial-  or  full-thickness 
detects  and  are  often  associated  with  injury  to 
other  components  of  the  knee.  Often  the 
adjacent  subchondral  bone  may  be  injured 
acutely  as  well.  Transient  patellar  dislocation  is  a 
typical  example  of  a mechanism  of  possible 
acute  cartilage  injury  of  the  patella.  In  this  case 
the  cartilage  may  be  normal,  or  damaged  with 
partial-  or  full-thickness  detect  or  even  an 
osteochondral  fracture.  Chronic  cartilage  inju- 
ries may  also  be  partial  or  full  thickness.  Typical 
patterns  of  chionic  injury  are  fibrillation  and 
suif  ace  ulceration.  Over  time  the  joint  com- 
partment may  progressively  narrow  with 
increasing  loss  of  cartilage.  Other  typical  find- 
ings include  subchondral  sclerosis,  subcortical 
geodes,  and  subcortical  degenerative  reactive 
marrow  edema,  often  on  both  sides  of  the 
affected  joint  compartment.  The  overall 
appearance  is  typical  of  osteoarthritis.  One 
common  cause  of  this  type  of  graduai  joint 
degeneration  is  a men  is  cal  tear  in  which  there  is 
loss  of  the  normal  hoop  strength.  This  results  in 
loss  of  the  normal  cushioning  with  increased 
abnormal  stresses  on  the  articular  cartilage. 

Over  time  the  cartilage  may  suffer  a gradual 
degeneration  progressing  from  minor  partial- 
thickness  loss  to  severe  full-thickness  loss.  Not 
all  patients  with  caitilage  injuiy  go  on  to 
progressive  worsening.  Options  for  patients 
needing  surgery  for  cartilage  detects  include 
microfracture  of  the  underlying  bone,  which 
results  in  formation  of  a blood  clot.  Within  this 
clot  there  are  some  stem  cells  that  differentiate 
into  chondroblasfes.  Ultimately,  there  is  some 
restoration  of  the  overlying  cartilage,  although 
this  new  cartilage  is  usually  inferior  to  the 
original  cartilage.  Another  type  of  repair  is 
cartilage  implantation,  which  may  be  performed 
with  an  autogenic  or  allogenic  graft. 

(continued  on  page  208) 
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Fig.  7.32  (a)  Axial  fat-suppressed  T2-welghted 
imaging  (FS  T2WI)  shows  increased  signal  in  the 
substance  of  the  lateral  patellar  facet  cartilage 
(arrow).  The  articular  surface  remains  Intact  This 
is  the  earliest  identifiable  abnormality  of  cartilage 
wftii  magnetic  resonance  Imaging,  (b)  Axial  FS 
T2WI  from  a second  patient  shows  a surface 
uker  of  the  medial  patellar  facet  cartilage 
(arrow),  (c)  Axial  FS  T2WI  from  a tiiird  patient 
shows  a high  signal  fissure  of  cartilage  at  the 
patellar  vertex  (arrow),  (d)  Axial  F5  T2WI  from  a 
fourth  patient  shows  a full  thideness  defect  of 
tiie  medial  facet  patellar  articular  cartilage. 
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Table  7.3  (Cont.)  Cartilage  lesions  of  the  knee 
Abnormalities 

Osteochondral  injuries 
(i  Fig.  7.33) 


MRI  findings 

An  osteochondral  injury  is  any  injury  in  which 
both  articular  cartilage  and  the  adjacent 
underlying  bone  are  injured.  Examples  include 
osbeochondral  fractures  in  which  a fragment  of 
both  bone  and  cartilage  forms  a loose  body  with 
a readily  identifiable  donor  site  defect.  This  type 
of  injury  is  common  and  may  occur  in  transient 
patellar  dislocation.  In  this  situation  a fragment 
containing  both  bone  and  cartilage  may  be 
fractured  off  the  medial  patellar  facet  resulting 
in  a loose  osteochondral  fragment,  which  on 
fat-suppressed  T2-weighted  imaging  (FS  T2WI) 
has  typical  low  signal  cortical  bone  with  over- 
lying  intermediate  signal  cartilage.  The  donor 
site  is  easily  identified  by  the  presence  of  a 
contour  defect  in  the  medial  palellar  facet  and 
adjacent  high  signal  marrow  edema.  Because 
there  is  cortical  fracture  a lipohemarthrosls  is 
often  identified.  A less  severe  example  of 
osbeochondral  injury  is  a cortical  impaction  with 
injury  of  the  overlying  cartilage.  This  pattern  of 
injury  is  often  seen  in  the  lateral  femoral 
condyle  in  patients  with  acute  anterior  cruciate 
ligament  (ACL)  tears.  On  FS  T2WI  there  is 
contour  defbimity  of  the  impacted  lateral 
femoral  condyle  articular  surface  with  adjacent 
high  signal  subcortical  marrow  edema. 


Comments 

Osteochondral  injuries  can  be  acute  or  chronic. 
Osbeochondral  injuries  are  often  associated  with 
knee  pain  or  decreased  range  of  motion  or  both. 
Some  patients  with  osteochondral  injury  may  go 
on  to  develop  progressive  osteoarthritis  of  the 
affected  joint  compartments).  In  some  patients 
a loose  osteochondral  fracture  fragment  can  be 
reattached  surgically. 


(continued  on  page  210) 
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Rg.  7.33  (a)  Sagittal  fat-suppressed  T2^welghted  Imaging  (FS  T2WI)  shows  osteochondral  injury  of  die  lateral  femoral  condyle  with  a laige  subcortical 
impaction,  adjacent  marrow  edema,  and  irregular  overlying  cartilage  with  some  fragmentation,  (b)  Corresponding  proton  density-weighted  imaging 
(PDWI)  shows  deep  cortical  Impaction  of  the  lateral  femoral  aond^e  (IFC).  (c)  Axial  FS  T2WI  from  a second  patient  shows  an  osteochondral  fracture  of 
tire  medial  patellar  faaet  with  osbeocartllagenous  defect  (arrow)  and  lipohemartiirosls  in  a patient  wftii  patellar  dislocation,  (d)  Axial  FS  T2WI  from  the 
same  patient  shows  a displaced  osteocartilagenous  fragment  adjacent  to  the  anterior  aspect  of  die  medial  femoral  condyle  (MFC)  (anow).  Note  the 
typical  bone  contusion  pattern  of  patellar  dislocation,  which  indudes  the  medial  patella  and  anterior  LFC  (e)  Sagittal  FS  T2WI  from  a third  patient 
shows  flluld  undermining  a mildly  displaced  osteochondral  fracture  of  the  LFC  anteriorly.  There  Is  extensive  high  signal  marrow  contusion  In  die 
adjacent  LFC.  Note  a small  cartilage  loose  body  posteriorly  (anew),  (f)  Coronal  FS  T2WI  from  the  same  patient  shows  die  same  osteochondral  fracture 
(arrow)  of  the  anterior  LFC  with  adjacent  high  signal  marrow  contusion. 
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Table  7.3  (Cont)  Cartilage  lesions  of  the  knee 

Abnormalities  MRI  findings  Comments 


Osteochondritis  dissecans 
(►  Fig.  734) 


Ihe  appearance  of  osteochondritis  dissecans  on 
MRI  depends  on  die  stage  in  which  it  is 
observed.  In  stage  1 there  is  focal  subchondral 
marrow  edema,  which  Is  seen  as  high  signal  on 
FS  T2WI.  The  overlying  carblage  is  abnormal  but 
intact  In  stage  2 there  is  high  signal  edema  with 
a central  subchondral  cyst  seen  on  FS  T2WL  In 
stage  3 there  Is  a high  signal  line  on  FS  T2WI 
seen  surrounding  the  osteochondral  fragment, 
which  remains  In  place.  There  can  be  some 
fragmentation  of  die  bony  portion  of  die 
osteochondral  lesion.  In  stage  4 die  osteo- 
chondral fragments)  are  displaced  from  their 
donor  site.  The  stage  3 and  4 lesions  are 
unstable,  whereas  stages  1 and  2 are  considered 
stable.  The  goal  of  MRI  Is  prlmarllyto  distinguish 
stable  from  unstable  lesions. 


The  cause  of  osteochondritis  dissecans  Is 
unknown,  tiiough  repetitive  trauma  is  suspected 
as  a cause.  Ihe  most  common  location  in  the 
knee  for  tills  lesion  Is  the  lateral  aspect  of  the 
medial  femoral  condyle.  In  the  sloeletally 
immature  patient  die  preferred  treatment  is 
often  conservative  and  consists  of  several 
montiis  of  non-weight  bearing  to  allow  for 
healing  and  ultimately  remodeling  of  the  lesion. 
In  die  skeletally  mature  patient  surgical  fixation 
of  an  unstable  lesion  may  be  needed. 


Fig.  7.34  (a)  Sagittal  proton  densItyMivelghted  Imaging  (POWI)  shows  osteochondral  defect  (OQD)  of  die  medial  femoral  condylewftii  Intactoverlying 
cartilage  (arrow),  (b)  Sagittal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  shows  OCD  of  die  medial  femoral  condyle  with  Intact  overlying  cartilage 
(airow).  (c)  Coronal  FS  T2WI  shows  OCD  of  the  medial  femoral  condyle  witli  intact  o^rlying  cartilage,  (d)  Anteroposterior  radiograph  shows  OCD  of 
die  medial  femoral  condyle  (arrow),  (e)  Sagittal  FS  T2WI  from  a second  patient  shows  OCD  of  die  medial  femoral  condyle  with  high  signal  fluid  (anow) 
undermining  die  osteochondral  fiagment,  which  Is  not  yet  displaced,  (f)  Corresponding  sagittal  PDWI.  (continued) 
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Fig.  734  (cx*Ttfm/ed)  (g)  Corresponding  coronal  FS  T2WI  again  shows  high  signal  fluid  (arrow)  undermining  the  osteochondral  fragment  (h)  Same 
patient  coronal  FS  T2WI  shows  martod  improvement  in  OCD  a Pier  treatment.,  (i)  Sagittal  FS  T2WI  from  a third  patient  shews  a large  lateral  femoral 
condyle  OCD  with  subcortical  geodes.  (])  Corresponding  coronal  FS  T2WI  from  the  same  patient  shows  a large  lateral  femoral  condyle  defect  with 
subcortical  geodes,  (k)  Axial  FS  TZW1  from  the  same  patient  shows  displaced  osteochondral  fragment  (arrow). 
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7.4  Bone  Lesions  of  the  Knee 

• fractures 

• Stress  fracture  [fatigue  fracture) 


• Stress  fracture  (insufficiency  fracture) 

• Bone  infarct  (osteonecrosis) 

• Blount  disease 

• Dysplasia  epiphysaalis  hemimelica  (DEH)  (Ttevor  disease) 


Table  7.4  Bone  lesions  of  the  knee 

Abnormalities  MR!  findings  Comments 

Fractures  T h e MRI  appearanee  of  fi acture  is  variable  depending  on  the 

(►  Fig.  7.35;  severfty  of  the  Injury,  the  mildest  fbnn  of  bony  Injury  Is 

i Rg.  736;  * Rg.  737;  eontuslon  or  bone  bruise,  which  Is  In  fact  a mlaoffacturfng  of 
► Fig.  738)  the  medullary  bone  trabecula.  On  fat-suppressed  T2- 

weighted  imaging  (FS  T2WI)  this  pattern  of  injury  is  seen  as 
Increased  signal,  which  Is  usually  In  a subarticular  location 
and  not  associated  with  a eortical  break.  On  proton  density- 
weighted  imaging  (PDWI)  there  is  corresponding  low  signal. 

An  Incomplete  fracture  Is  a fracture  confined  to  die 
medullaiy  portion  of  bone  and  is  seen  as  a linear  focus  of 
low  signal  surrounded  by  high  signal  edema  on  FS  T2W1.  A 
•omplete  fracture  oecurs  when  there  Is  a eoitlca!  dis- 
continuity. These  fractures  may  be  nondisplaced  or  dl*- 
plated.  On  FS  T2WI  the  low  signal  fracbjre  line  is  seen  to 
extend  to  Indude  die  cortex,  whldi  Is  disrupted.  There  is 
adjacent  high  signal  marrow  edema  whldi  over  time 
decreases  in  intensity.  Often  tiiere  is  an  associated  lip- 
ohemarthrods.  This  has  a distinctive  appearance  on  MRI.  On 
FS  T2WI  the  fat  fluid  level  Is  seen  as  two  separate  signal 
■omponents.  The  fat  portion  is  low  signal  and  located 
antidependent  compared  with  the  heavier  fluid/blood 
■omponent  A sharply  defined  linear  separation  is  seen 
between  both  components. 

famtim/ed  on  page  216) 


in  general  radiography  is  often  sufficient  to  diagnose  bony 
fracbjres.  However,  there  are  some  situations  in  whidi  MRI 
plays  a □ ideal  role  In  accurate  diagnosis.  Bone  bruises  and 
incomplete  fiactures  are  radiographically  oecult  and  can 
result  in  severe  pain,  which  is  explained  by  tiie  MRI  findings. 
Untreated  these  Injuries  can  worsen  overtime.  The 
radiographic  finding  of  joint  effusion  without  obvious 
fracbjre  may  also  be  an  indication  for  MRI  because  a 
radiographically  oecult  fracture  may  be  present  Additional 
Indications  for  MRI  oacur  when  there  Is  a need  to  asses  the 
aiticuiar  surface  for  cartilage  injury  and  when  tiiere  is 
suspicion  for  associated  soft  tissue  Injuries  such  as  anterior 
cruciate  ligament  (ACT)  and  menlscal  tears. 


r ..  d 


Fig.  735  Sagittal  fat-suppressed  12-weighted  imaging  shows  high 
signal  bone  aontuslon  In  the  lateral  femoral  condyle  and  proximal 
lateral  tibia. 
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Fig.  7.36  (a)  Coronal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  shows  a linear  high  signal  Incomplete  fracture  extending  from  die  lateral  femoral 
condyle  across  the  physeal  scar  and  Into  the  distal  femoral  metaphysls  (arrow).  There  Is  adjacent  bone  contusion  without  a cortical  fracture,  (b) 
Coronal  proton  density-weighted  imaging  (POWI)  shows  a corresponding  linear  low  signal  incomplete  fracture  in  tile  distal  lateral  femur  (arrow),  (c) 
Sagittal  FS  T2VWI  from  a seoond  patient  shows  a small  linear  subtortlcal  low  signal  fracture  (arrow)  In  the  proximal  medial  posterior  tibia,  which  Is 
surrounded  by  high  signal  bone  contusion.  There  Is  no  cortical  fracture,  (d)  Sagittal  P0W1  from  the  same  patient  shows  a small  linear  low  signal 
subeortieal  Incomplete  fracture  in  the  proximal  posterior  medial  tibia  (arrow). 
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Fig.  737  (a)  Coronal  fat-suppressed  T2-weighted  Imaging  (FST2WI)  shows  a depressed  cortical  fracture  of  die  lateral  tibia  I plateau  wltii  adjacent 
bone  marrow  edema,  (b)  Coronal  FS  T2WI  from  a second  patient  shows  a displaced  intra-artkuiar  fracture  of  the  frbular  head,  (c)  Coronal  PDVW  from  a 
second  patient  shows  a displaced  Intra-articular  fracture  of  the  fllbular  head,  (d)  Sagittal  FS  T2WI  from  a seaond  patient  shows  a displaced  fracture  of 
die  frbular  head. 
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Fig.  7*38  (a)  Sagittal  fat-suppressed  T2-weighted  imaging  (FS  TZWI)  shows  high  signal  edema  in  the  metaphysis  extending  to  the  distal  femoral 
physis.  This  is  a Salier-Harris  I fracture,  (b)  Sagittal  proton  density-weighted  imaging  (POVA/f)  shows  a corresponding  low  signal  in  the  distal  femoral 
metaphysis.  (c)  Coronal  FS  T2WI  from  die  same  patient  shows  high  signal  edema  In  die  distal  femoral  metaphysis  extending  to  the  physis,  which  Is 
slightly  widened  medially  (arrow),  (d)  Axial  FS  72W1  from  die  same  patient  shows  a large  effusion  with  fluid  level  indicating  die  presence  of  a fracture, 
(e)  Anteroposterior  radiograph  with  no  evidence  of  a Salter-Harris  I fracture,  which  is  typical. 
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Table  7.4  (Cont.)  Bone  lesions  of  the  knee 

Abnormalities  MRI  findings  Comments 


Stress  fracture  (fatigue 
fracture) 

(►  Fig.  7.39) 


Stress  fracture  (insuffi- 
ciency fracture) 

(►  Fig.  7.40) 


The  MRI  findings  of  stress  fracture  depend  on  the  severity  of 
the  injury.  In  the  early  phase  of  injury  there  is  often  mild 
focal  subcortical  marrow  edema  seen  as  focal  high  signal  on 
FS  T2WI  and  focal  low  signal  on  PDWI  and  T1  -weighted 
imaging  (T1WI).  As  the  injury  progresses  in  severity  there  is 
a mild  high  signal  periosteal  reaction  seen  on  FS  T2WI. 
Eventually  there  may  be  cortical  edema,  which  is  high  signal 
on  FS  72WI,  and  finally  there  is  outiight  cortical  fracture 
seen  as  linear  low  signal  surrounded  by  high  signal  in  the 
cortex  with  confluent  subcortical  manow  edema  (high 
signal  and  high  signal  periosteal  reaction  on  FS  T2WI). 


On  FS  T2WI  there  is  a zone  of  high  signal  indicating  marrow 
edema,  and  there  is  often  a linear  zone  of  low  signal  in  a 
subcortical  location.  Often  the  cortex  is  not  disrupted,  and 
the  MRI  findings  are  radiographically  occult  On  PDWI  or 
T1WI  there  is  low  signal  corresponding  to  the  high  signal 
zone  of  edema. 


Fatigue  fractures  are  abnormal  stress  applied  to  normal 
bone.  These  are  potentially  significant  injuries  that  can 
progress  to  cortical  fracture  if  left  untreated.  Early  diagnosis 
and  treatment  result  in  optimal  outcome  for  the  patient. 
These  injuries  typically  occur  in  athletes  such  as  long- 
distance runners  and  individuals  participating  in  jumping 
sports.  In  the  early  stage  of  stress-related  injury  there  aie 
often  no  radiographic  findings.  If  there  is  clinical  suspicion 
for  stress  injury  further  evaluation  with  MRI  is  indicated  This 
is  particularly  true  in  high-performance  athletes.  In  these 
patients  early  diagnosis  with  MRI  not  only  helps  to  prevent  a 
more  serious  cortical  fracture  but  can  result  in  earlier 
appropriate  treatment  thereby  allowing  earlier  return  to 
sport  In  general  MRI  is  considered  superior  to  nuclear 
medicine  in  the  diagnosis  of  stress  fractures.  MRI  is  moie 
sensitive  than  nuclear  medicine  bone  scan  in  the  identifica- 
tion of  the  earliest  findings  of  stress  injury,  and  there  is  also 
inherently  more  information  on  the  MRI  scan,  including  the 
precise  location  of  the  injury  within  the  bone  (i.e.,  cortical  or 
medullary  or  both).  This  degree  of  precision  affects  both 
patient  prognosis  and  treatment  In  addition,  MRI  is  not 
associated  with  ionizing  radiation,  which  is  an  advantage 
because  these  patients  are  of  ton  young. 

Insufficiency  fractures  oacur  when  normal  stress  is  applied  to 
abnormal  bone.  Most  commonly  this  occurs  in  older 
osteoporotic  patients.  Other  causes  include  prior  irradiation 
to  the  affected  site,  steroids,  hyperparathyroidism,  and 
rheumatoid  arthritis.  Spontaneous  osteonecrosis  (SONC)  in 
the  knee  is  likely;  in  fact  subcortical  insufficiency  fracture 
often  occurs  in  the  femoral  condyles  in  older  ostooporotic 
patients  with  recent  minor  trauma. 


(continued  on  page  218) 
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Fig.  7.39  (a)  Sagittal  proton  density-weighted  imaging  (PDWI)  shows  a low  signal  linear  defect  traversing  the  proximal  tibia  diaphysis  with  extension 
to  the  posterior  aortex  and  adjacent  periosteal  reaction,  (b)  Sagittal  fat-suppressed  T2-we!ghted  Imaging  (FS 12 Wl)  shows  extensive  marrow  edema  In 
the  proximal  tibia!  diaphysis  with  a low  signal  linear  fracture  extending  to  the  posterior  eortex  and  adjacent  periosteal  reaction,  (c)  Coronal  FS  T2WI 
from  a second  patient  shows  linear  low  signal  in  the  proximal  medial  tibia  (arrow)  with  surrounding  marrow  edema.  The  patient  had  recently 
completed  a marathon,  (d)  Sagittal  FS  T2WI  from  the  same  patient  shows  a band  of  low  signal  In  the  proximal  tibia  (arrow)  surrounded  by  high 
signal  marrow  edema,  (e)  Sagittal  PDWI  from  the  same  patient  shows  linear  low  signal  in  the  proximal  tibia  with  no  evidence  of  eortical  fracture 
(f)  Anteroposterior  radiograph  is  normal  demonstrating  the  greater  sensitivity  of  MRI  in  detecting  str^s  fractures. 


Fig.  7.40  (a)  Coronal  fat-suppressed  12-weighted  imaging  (FS  T2WI)  in  a 57-yeer-old  female  shows  diffuse  marrow  edema  in  the  medial  femoral 
eondyle  with  a subtle  linear  low  signal  subcortical  insufficiency  fracture  (arrow),  (b)  Sagittal  FS  T2WI  shows  a linear  low  signal  subcortical  insufficiency 
fr  acture  In  the  medial  femoral  eondyle  (airow)  wfth  adjacent  extensive  marrow  edema.  Note  that  there  Is  a posterior  horn  medial  menlscal  tsar. 

(c)  Sagittal  proton  density-weighted  imaging  shows  a linear  low  signal  subcortical  fracture  in  the  medial  femoral  eondyle  (arrow). 
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Table  7.4  (Cont.)  Bone  lesions  of  the  knee 

Abnormalities  MRI  findings  Comments 


Bone  infarct 
(osteonecrosis) 
(►  Fig.  7.41) 


The  appearance  of  osteonecrosis  is  variable.  In  the  earliest 
phase  the  only  finding  may  be  nonspecific  marrow  edema 
seen  as  high  signal  on  FS  T2WI  and  low  signal  on  PDWI  and 
T1  Wl.  There  is  often  rapid  progression  to  the  characteristic 
double  line  sign.  This  sign  refers  to  the  often  serpentine  line 
that  separates  viable  from  necrotic  bone.  On  FS  T2WI  there 
is  a low  signal  line  marking  the  periphery  of  the  infarcted 
bone,  often  with  an  adjacent  high  signal  line  just  deep  to  the 
low  signal  line.  The  bone  within  the  zone  of  infarction  is 
often  low  signal  (isointense  to  fat)  on  FS  T2WI  and  high 
signal  onTIWI.  In  some  cases  there  may  be  a mixed  pattern 
of  low  and/or  high  signal  within  the  zone  of  infarction  on 


There  are  many  causes  of  osteonecrosis,  including  steroids, 
systemic  lupus  erytiiematosus  (SUE),  sickle  cell  disease, 
caisson  disease,  and  idiopathic  causes.  The  epiphyses  and 
diaphysisof  long  bones  are  most  commonly  affected.  MRI  is 
the  most  sensitive  and  specific  imaging  modality  for 
diagnosing  suspected  osteonecrosis.  Untreated  osteonecro- 
sis can  progress  to  the  point  where  theie  is  collapse  of 
affected  bone.  If  an  articular  surface  is  involved  this  can 
result  in  eariy-onset  osteoarthritis. 


Blount  disease 
(►  Fig.  7.42) 


FS  T2WI. 

The  key  features  of  Blount  disease  are  best  seen  on  sagittal 
and  coronal  planes.  These  include  widening  and  depression 
of  the  medial  tibial  growth  plate  and  both  small  and  deep 
extensions  of  the  caitilage  into  the  proximal  tibial  meta- 
physis,  which  is  seen  as  abnonnal  linear  high  signal  on  FS 
T2WI.  Additional  findings  often  include  varus  deformity  of 
the  lower  leg;  widening  of  the  lateral  proximal  tibial  growth 
plate;  hypertrophy  of  the  medial  meniscus,  which  may  also 
have  abnormal  signal  best  seen  on  FS  T2WI  that  is  often  in 
the  posterior  horn;  osteochondral  injury  of  the  medial 
femoral  condyle;  bony  bars  across  the  proximal  tibial  physis; 
and  thicker  unossified  proximal  tibial  epiphysis. 


Blount  disease  is  a developmental  disorder  of  abnonnal 
growth  of  the  medial  proximal  tibial  epiphysis.  Patients  are 
often  overweight  and  have  varus  deformity  of  the  lower 
extremity.  The  cause  of  this  abnormality  may  be  related  to 
excessive  force  on  the  medial  aspect  of  the  proximal  tibial 
physis.  This  is  then  thought  to  cause  abnormal  function  and 
structure  of  the  affected  physeal  chondrocytes  with  delay  in 
ossification.  Surgical  treatment  is  typically  lequired. 


(continued  on  page  220) 
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Fig. 7.41  (a)  Coronal  fat-suppressed  T2- 
weighted  imaging  (FS  T7WI)  shows  serpiginous 
zones  of  mixed  predominantly  high  signal  with 
low  signal  sharply  demarcated  borders  In  the 
medial  femoral  condyle  and  proximal  tibia,  (b) 
Coronal  proton  density-weighted  Imaging  shows 
corresponding  zones  of  mixed  predominantly  low 
signal  with  sharply  demarated  lew  signal  bor- 
ders In  the  medial  femoral  condyle  and  proximal 
tibia. 


Fig.  742  (a)  Coronal  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  shows  widening  and 
depression  of  die  medial  tibia!  growth  plate, 
thicker  unosslfted  tibial  epiphysis  (arrow),  and 
medial  femoral  condyle  osteochondral  injury 
(arrowhead),  (b)  Coronal  proton  density- 
weighted  Imaging  also  shows  depression  of  the 
medial  tibial  growth  plate,  thick  unossified 
medial  tibial  epiphysis,  and  medial  femoral 
condyle  osteochondral  injuiy. 
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Table  7.4  (Cont)  Bone  lesions  of  the  knee 


Abnormalities 

MRI  findings 

Comments 

Dysplasia  eplphysealls 
hemimelica  (DEH) 
(Trevor  disease) 

(►  Fig.  7.43) 

On  PDWI  there  Is  an  Irregular  lobulated  mass,  of  Interme- 
diate signal  with  low  signal  fob  of  calcification,  arising  from 
the  medial  or  lateral  aspect  of  the  epiphysis.  This  can  be  in 
the  femur  or  tibia.  On  FS  T2WI  the  lesion  Is  heterogeneously 
increased  in  signal  with  a variable  degree  of  low  signal  foci 
depending  on  the  amount  of  calcification,  lesions  may  be 
connected  to  or  separate  from  the  parent  bone  and  can 
mimic  a loose  body. 

DEH  Is  a rare  disorder  of  the  epiphysis  or  equivalent 
occurring  on  one  side  of  the  body  in  children.  The  classic 
feature  of  the  disorder  is  an  osteocartilagenous  mass 
Involving  the  epiphysis.  The  majority  of  cases  occur  In  the 
lower  extremity,  most  commonly  the  knee  or  anlde  or  both. 
Three  forms  have  been  described:  localized  (affects  one 
location),  classical  (affects  more  than  one  location  on  the 
same  side  of  the  body),  and  generalized  (affects  the  entire 
limb  on  one  side).  Patients  usually  present  with  a painless 
asymmetric  mass.  Varus  or  valgus  defoimlty  may  also  be 
present  Boys  are  reported  to  be  three  times  more 
commonly  affected  as  girls.  Treatment  for  DEH  is  suigery. 

Fig.  7.43  (a)  Sagittal  proton  density-weighted  Imaging  (PDW1)  shows  a lobulated  mass  arising  from  the  proximal  medial  tlblal  epiphysis  (arrow), 
which  Is  heterogeneously  low  signal  Indicating  die  presence  of  calcification,  (b)  Corresponding  sagittal  fat-suppressed  17 -weighted  Imaging  (FS  T2WI) 
shows  a lobulated  mass  arising  from  the  proximal  medial  tibial  epiphysis,  which  has  heterogeneous  signal  with  foci  of  both  high  and  low  signal,  (c) 
Corresponding  coronal  PDWI  shows  a lobulated  mass  wfth  a zone  of  heterogeneous  low  signal  arising  from  the  medial  proximal  tibial  epiphysis,  (d)  The 
corresponding  lateral  radiograph  shows  a lobulated  osseous  mass  arising  from  tine  proximal  medial  tibial  epiphysis,  (e)  The  oonespondlng 
anteroposterior  radiograph  shows  a lobulated  osseous  mass  arising  from  the  proximal  medial  tibial  epiphysiis  with  some  components  mimicking  loose 
bodies  (arrow). 


220 


The  Knee 


7.4.1  Bone  Lesions  of  the  Knee 
Suggested  Reading 
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7.5  Lesions  of  the  Extensor 
Mechanism 

• Patellar  tendinosis 

• Patellar  tendon  tears 


• Osgood-Schlatter  disease 

• Sinding-Larsen-Johansson  syndrome 

• Quadriceps  tendon  tears 

• Transient  patellar  dislocation 

• Hoff  a disease 


Table  7.5  Lesions  of  the  extensor  mechanism 
Abnormalities  MRI  findings 

Patellar  tendinosis  On  sagittal  fat-suppressed  T2-weighted  imaging  (FS  T2WI) 
(■  Fig.  7.44)  there  is  a focal  zone  of  increased  signal  intensity  most 

commonly  seen  in  the  proximal  posterior  portion  of  the 
tendon.  This  focus  of  abnormal  signal  is  of  variable  size  and 
signal  intensity.  Larger  lesions  of  higher  signal  intensity  are 
often  more  symptomatic.  Adjacent  structures  may  also 
become  inflamed  and  demonstrate  patchy  increased  signal 
on  FS  T2WI.  Typically  the  lower  pole  of  the  patella  and  the 
adjacent  portion  of  Hoffa  fat  may  be  involved.  On  proton 
density-weighted  imaging(PDWI)  the  zone  of  increased 
signal  corresponds  to  a zone  of  decreased  signal.  The 
findings  of  patellar  tendinopathy  are  best  seen  on  sagittal 
plane  images.  The  axial  plane  can  also  be  helpful. 


Patellar  tendon  tears  The  most  common  site  of  patellar  tendon  rupture  is  the 

(►  Fig.  7.45)  proximal  attachment  to  the  lower  pole  of  the  patella.  On 

sagittal  images  there  is  obvious  discontinuity  and  often 
redundancy  of  the  torn  end  such  that  the  torn  end  has  an 
appearance  of  being  rolled  up  into  a ball.  In  an  acute  tear 
there  is  often  high  signal  edema  or  some  hemorrhage  or 
both  at  the  site  of  rupture. 

Osgood-Schlatter  dis-  On  sagittal  FS  T2WI  there  is  fragmentation  of  the  anterior 
ease  tibial  tubercle  with  thickening  of  the  distal  portion  of  the 

(►  Fig.  7.46)  patellar  tendon  and  variable  high  signal  edema  in  the  distal 

portion  of  the  tendon  with  variable  edema  in  the  frag- 
mented tibial  tubercle.  In  addition  there  is  often  fluid  in  the 
infrapatellar  bursa. 


Comments 

Patellar  tendinosis  (tendinopathy)  is  most  often  seen  in 
young,  high-level  athletes  engaged  in  jumping  sports  such 
as  basketball  and  volleyball.  Patients  present  with  infrapa- 
tellar knee  pain.  Ultrasonography  is  an  alternative  imaging 
modality  for  the  diagnosis  of  this  entity.  However,  if  there  is 
a different  cause  of  infrapatellar  region  pain  such  as  a 
chondral  injury  of  the  lower  pole  of  the  patella  then 
ultrasound  will  not  identify  the  abnormality.  The  high  signal 
region  seen  in  the  proximal  posterior  portion  of  the  patellar 
tendon  corresponds  to  granulation  tissue  with  increased 
neovascularity.  Treatment  of  most  patients  with  patellar 
tendinosis  is  conservative  with  eventual  return  to  sport.  In  a 
small  percentage  of  patients  the  condition  becomes  chronic, 
and  surgery  to  excise  the  abnonTial  portion  of  the  tendon 
can  be  performed.  In  many  patients  patellar  tendinosis  is 
bilateral,  although  often  asymmetric  in  severity. 

Patellar  tendon  tears  most  often  occur  in  young  adults.  Most 
tears  occur  at  the  site  of  underlying  patellar  tendinopathy. 
Patients  with  patellar  tendon  rupture  are  unable  to  extend 
the  knee  and  often  complain  of  infrapatellar  pain. 


This  type  of  injury  is  most  often  secondary  to  overuse  related 
to  certain  sports  such  as  football,  soccer,  and  basketball. 
Patients  complain  of  pain  over  the  anterior  aspect  of  the 
tibia.  Adolescents  are  most  commonly  seen  with  this 
disorder.  It  should  be  noted  that  the  radiographic  finding  of 
fragmentation  of  the  anterior  tibial  tubercle  without  any 
symptoms  is  possible  and  is  therefore  not  diagnostic  of  the 
disease. 


(continued  on  page  224) 
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Fig.  744  (a)  Sagittal  fat-suppressed  T2-wdghted 
Imaging  (FS  T2WI)  shows  high  signal  edema  and 
granulation  tissue  in  the  proximal  posterior 
portion  of  a thickened  patellar  tendon.  Note 
adjacent  reactive  edema  In  the  lower  pole  of  the 
patella  and  the  adjacent  Hoffa  fat.  (b)  Sagittal 
proton  density-weighted  imaging  shows  a 
thickened  proximal  patellar  tendon  with  Inter- 
mediate signal  in  the  proximal  posterior  portion 
of  the  tendon. 


Fig.  745  (a)  Sagittal  fat-suppressed  T2-we!ghted 
Imaging  (FS  T2WI)  shows  the  patellar  tendon 
torn,  thickened,  and  retracted  from  the  lower 
pole  of  the  patella,  (b)  Sagittal  proton  density- 
weighted  Imaging  shows  a thickened,  tom,  and 
retracted  patellar  tendon  with  a small  avulsed 
fragment  of  bone  from  the  patella  (arrow). 


Fig.  746  (a)  Sagittal  fet-suppveszd  T2-weighted  imaging  (FS  T2WI)  shows  high  signal  marrow  edema  in  the  anteiior  tibia  I tubercle,  (b)  Sagittal 
proton  density-weighted  Imaging  shows  some  fragmentation  of  the  anterior  tiblal  tuberde.  (c)  lateral  radiograph  shows  a fragmented  anterior  tibial 
tubercle  in  a skeletally  immature  patient 
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Table  7.5  (Cont)  Lesions  of  the  extensor  mechanism 


Abnormalities 

MRI  findings 

Comments 

Sindlng-Larsen-johans- 
son  syndrome 
(►  Fig.  7.47) 

On  sagittal  Images  tiiere  Is  thickening  of  the  proximal 
patellar  tendon  with  high  signal  seen  in  the  region  of  tendon 
thickening  on  FS  T2WI  and  low  signal  on  PDWI.  There  is  also 
some  fragmentation  of  die  lower  pole  of  die  patella,  often 
witii  high  signal  edema  on  FS  T2WI. 

This  abnormality  Is  mostly  seen  in  teenage  patients.  This 
injury  is  most  commonly  associated  with  overuse  and  is 
often  seen  in  atiiletes  playing  so eeer.  basketball,  and 
football.  It  should  be  noted  that  the  radiographic  finding  of 
fragmentation  of  the  lower  pole  of  the  patella  witiiout 
associated  symptoms  is  possible  and  is  tiierefbre  not 
diagnostic  of  the  syndrome. 

Quadrieeps  tendon 
tsars 

(►  Fig.  7.48; 

► Fig.  7,49) 

On  sagittal  FS  T2WI  and  PDWI  acute  tendon  rupture  is  seen 
as  separation  of  the  tom  distal  tendon  end  from  die  normal 
attachment  on  die  upper  portion  of  the  patella.  The  amount 
of  tendon  retraction  from  die  patella  is  variable,  and  there  is 
often  high  signal  edema  seen  on  FS  T2WI  in  die  distal  tom 
tendon  end  as  well  as  In  tflie  gap  between  die  bone  and 
tendon. 

This  injury  is  more  common in  adults  and  in  particular 
patients  with  underlying  tendinopathy.  Some  chronic  dis- 
eases are  associated  with  this  Injury,  Including  diabetes  and 
rheumatoid  arthritis.  Surgery  is  usually  required  in  retr  acted 
ruptures.  In  general  partial  tears  and  nonretracted  tears  can 
be  treated  nonsurglcally. 

(continued  on  poge  226) 


Fig.  7.47  (a)  Sagittal  proton  density-weighted  Imaging  (PDWI)  shows  a fragmented  lower  pole  of  die  patella  (arrow).  (b)  Sagittal  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  shows  high  signal  edema  in  the  thieved  proximal  patellar  tendon,  (c)  Lateral  radiograph  of  die  knee  shows  an  osseous 
fragment  of  die  lower  pole  patella,  (d)  Sagittal  PDWI  from  a second  patient  shows  a fragmented  lower  pole  of  the  patella,  (e)  Sagittal  FS  T2W)  from 
die  same  patient  shows  high  signal  edema  In  the  lower  pole  of  die  patella  and  mild  edema  In  die  proximal  patellar  tendon,  (f)  Lateral  radiograph  from 
tire  same  patient  shows  osseous  fiagment  adjacent  to  the  lower  pole  of  die  patellla. 
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Fig.  7.48  (a)  Sagittal  fat-suppressed  72- weighted 
imaging  (F5  T2WI)  shows  high  signal  edema  in  a 
thickened  distal  quadilceps  tendon  wfth  ten 
donopathy  and  partial  thldoiess  tear  (arrow). 

(b)  Sagittal  proton  density-weighted  imaging 
(POWI)  shows  a thickened  distal  quadriceps 
tendon  with  Intermediate  signal. 


a 


b 


Fig.  749  (a)  Sagittal  proton  density-weighted 
imaging  shows  a ruptured  retracted  quadrieeps 
tendon,  (b)  Sagittal  fat-suppressed  Unweighted 
Imaging  shows  a ruptured  retracted  quadriceps 
tendon. 
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Table  7.5  (Cont)  Lesions  of  the  extensor  mechanism 

Abnormalities 

MRI  finding* 

Comments 

Transient  patellar  dislo- 
cation 

(►  Fig.  7.50) 

On  axial  FS  T7WI  there  are  often  high  signal  bone  bruises 
seen  in  die  inferior  medial  patella  and  die  anterior  aspect  of 
the  lateral  femoral  condyle.  In  some  cases  there  may  be  a 
chondral  or  osteochondral  fracture  of  die  Inferior  medial 
patellar  faeet  In  tills  situation  die  location  and  size  of  die 
fragment  should  be  described  as  well  as  the  donor  site.  If 
there  Is  an  osteochondral  fiactnne  tiiere  will  also  likely  be  a 
lipohemarthrosis  with  obvious  fat  fluid  level  on  axial  Images. 
Additional  findings  may  include  partial  or  complete  tear  of 
the  medial  patellar  retinaculum.  There  may  also  be  edema  In 
the  Infrapatellar  fat  The  position  of  die  patella  is  variable 
with  some  cases  demonstiating  a return  to  normal  position 
wftii  respect  to  die  femoral  trochlea,  in  other  patients  there 
may  be  abnormal  persistent  lateral  patellar  subluxation  with 
a vaiiable  degree  of  abnormal  patellar  tilt. 

in  patellar  dislocation  the  patella  dislocates  laterally  with 
respect  to  die  distal  femur.  This  may  occur  in  athletes 
involved  in  sports  such  as  football,  basketball,  and  soecer  or 
In  situations  where  die  patient  landed  abnormally  after 
jumping,  it  is  likely  that  some  patients  are  prone  to  patellar 
dislocation,  particularly  those  with  high-riding  patella  and 
lateral  patellar  subluxation. 

Hoffa  disease 
(►  Fig.  7.51) 

lhe  typical  appearance  on  FS  T2WI  is  variable  though  Is 
usually  seen  as  diffuse  high  signal  witiiin  normally  low  signal 
fet.  There  may  also  be  heterogeneous  mixed  signal  seen, 
sometimes  with  low  signal  foci  of  hemosiderin.  On  PDWI 
Intermediate  signal  is  often  seen  In  place  of  normally  high 
signal  fat 

Inflammation  of  the  Hoffa  fat  (also  referred  to  as  the 
infrapatellar  fat  pad)  can  occur  due  to  acute  or  chronic 
trauma.  Hyperextension  injuries  can  result  in  hemorrhage 
and  swelling  within  the  fat  pad.  Patients  typically  complain 
of  anterior  knee  pain.  This  can  be  difficult  to  differentiate 
from  other  causes  of  anterior  knee  pain. 

Fig.  7.50  (a)  Axial  proto  density-weighted  imaging  (PDWI)  shows  an  osteocartilaginous  defect  involving  the  medial  patellar  fae^  (arrow)  with 
lipohemarthrosis  and  lateral  subluxation  of  the  patella,  (b)  Axial  fat-suppressed  T2-weighted  imaging  shows  an  osteocartilaginous  defect  involving  the 
medial  patellar  facet  (arrow)  with  llpohemaithrosls  and  lateral  subluxation  of  die  patella.  Note  the  high  signal  bone  contusion  In  die  anterior  lateral 
femoral  condyle  and  medial  patellar  fae^.  (c)  Axial  PDWI  shows  an  osteocartilaginous  fracture  fragment  floating  in  die  medial  portion  of  die 
lipohemarthrosis  (arrow),  (d)  Sagittal  PDWI  shows  osteocartilaginous  fragments  anterior  to  the  medial  femoral  condyle  (arrow),  (e)  Sunrise  view 
shows  fracture  fragment  adjacent  to  the  anterior  medial  distal  femur. 
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Fig.  7.51  (a)  Sagittal  proton  density- weighted 
imaging  shows  extensive  intermediate  signal 
obliterating  the  Hoffa  fat  (b)  Sagittal  fat- 
suppressed  T2-welghted  imaging  shows  Inter- 
mediate signal in  the  Hoffa  fat 


7.5.1  Lesions  of  the  Extensor 
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7.6  Lesions  of  the  Synovium  and 
Bursae  and  Arthropathy 

• Baker  cyst 

• Prepatellar  bursitis 

• Pes  anserinus  bursitis 


• Plicae 

• Pigmented  villonodular  synovitis  (PVNS) 

• Synovitis 

• Synovial  chondromatosis 

• Osteoarthritis  (OA) 


Table  7.6  Lesions  of  the  synovium  and  bursae  and  arthropathy 

Abnormalities 

MRI  findings 

Comments 

Baker  cyst 
( Fig.  7.52) 

Fluid-filled,  well-defined  mass,  often  bilobed,  located 
between  the  semimembranosus  tendon  and  the  medial 
gastrocnemius  tendon.  These  lesions  are  low  signal  on 
proton  density-weighted  imaging  (PD  Wl)  and  high  signal  on 
fat-suppressed  T2-weighted  imaging  (FS  T2WI)  with  axial 
plane  imaging  being  the  best.  There  may  be  debris  or 
evidence  of  hemorrhage  and  synovial  thickening  in  some 
cases.  This  can  result  in  heterogeneous  mixed  signal 
appearance  on  F5  T2WI.  On  post  contrast  images  no 
enhancement  is  seen.  In  some  cases  the  cyst  will  be  large 
and  may  extend  cranially  or  caudally  toward  the  ankle  or  in 
both  directions.  Baker  cysts  often  leak  or  rupture;  both 
situations  are  seen  on  MRI  as  poorly  defined  high  signal  fluid 
on  axial  FS  T2WI  extending  beyond  the  margins  of  the  cyst. 

Baker  cysts  are  common  in  adults  and  uncommon  in 
children.  These  cysts  are  often  associated  with  other  knee 
pathology  such  as  meniscal  tears,  joint  effusions  and 
rheumatoid  arthritis.  Baker  cysts  are  often  painful  and  when 
they  rupture  can  be  difficult  to  differentiate  from  deep 
venous  thrombosis.  Treatment  of  patients  with  symptomatic 
Baker  cyst  is  often  conservative  consisting  of  rest  and 

NSAIDs.  In  some  case  aspiration  or  steroid  injection  may  be 
needed. 

Prepatellar  bursitis 
(housemaid’s  knee) 

( Fig.  7.53) 

On  sagittal  FS  T2WI  there  is  a well-defined  high  signal  fluid 
collection  located  between  the  subcutaneous  skin  and  the 
anterior  aspect  of  the  patella.  There  are  often  some  mixed 
foci  of  low  signal  seen  within  this  fluid  indicating  the 
presence  of  internal  debris.  On  PDWI  there  is  low  signal  fluid 
seen. 

Patients  often  have  obvious  swelling  over  the  knee,  which 
can  be  painful.  The  cause  of  the  fluid  aollection  can  be 
secondary  to  acute  trauma  with  a fall  or  direct  blow  to  the 
anterior  knee  at  the  level  of  the  patella  resulting  initially  in  a 
hematoma,  which  can  then  evolve  into  a simple  fluid 
collection.  Chronic  repetitive  injury  such  as  in  floor  cleaning 
on  the  knees  can  also  result  in  fluid  collections  occurring  in 
this  bursa. 

Pes  anserinus  bursitis 

This  bursa  is  located  between  the  distal  portion  of  the 
medial  collateral  ligament  and  the  pes  anserine  tendons 
(sartorius,  gracilis,  and  semitendinosus).  On  axial  and 
sagittal  FS  T2WI  a high  signal  fluid  collection  is  seen  in  this 
location.  The  collection  is  often  locultated. 

These  bursal  collections  may  be  painful  and  can  result  in 
medial  knee  swelling.  Treatment  is  similar  to  that  of  other 
symptomatic  bursal  collections. 

Plicae 

( Fig.  7.54) 

Plicae  are  intra-articular  linear  bands  of  persistent  fetal 
tissue.  Symptomatic  plicae  are  seen  as  thickened  low  signal 
bands  on  FS  T2WI  and  are  best  identified  when  a joint 
effusion  is  present,  which  helps  to  define  the  low  signal  band 
with  high  signal  fluid  on  either  side. 

There  are  several  commonly  occurring  plicae  that  are 
synovial  bands.  The  most  commonly  symptomatic  is  the 
medial  plicae.  Most  patients  with  symptomatic  plicae 
complain  of  anterior  knee  pain,  sometimes  with  clicking. 
Other  causes  of  anterior  knee  pain  can  have  a similar  clinical 
presentation,  including  patellar  tendinosis  and  meniscal 
tears  involving  the  anterior  horns.  MRI  is  often  needed  to 
distinguish  among  these  abnormalities.  Most  patients 
respond  well  to  aonservative  therapy.  If  there  are  continued 
symptoms  surgical  resection  of  the  plica  can  be  perfonoed. 

(continued  on  page  230) 
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Fig.  7.52  (a)  Axial  fat-suppressed  T2- weighted  imaging  (FS  T2WI)  shows  a bliobed  high  signal  cyst  In  the  posterior  medial  knee  between  the 
semimembranosus  tendon  and  the  medial  gastrocnemius,  (b)  Sagittal  FS  12WI  shows  the  same  high  signal  Baker  cyst  to  be  multiseptated  and  to 
extend  significantly  in  length.  Note  there  is  also  a posterior  horn  medial  meniscal  tear,  (c)  Sagittal  proton  density-weighted  imaging  shows  a large 
multiseptated  intermediate  signal  Baker  cyst 


Fig.  7.53  (a)  Axial  fat-suppressed  72- weighted 
Imaging  shows  high  signal  fluid  in  the  prepatellar 
bursa.  There  is  also  a high  signal  joint  effusion, 
(b)  Axial  proton  density-weighted  Imaging 
shows  intermediate  signal  fluid  in  the  prepatellar 
bursa. 


FTg.  7.54  (a)  Sagittal  fat-suppressed  T2-weighted  imaging  (FS  12 Wl)  shows  a thickened  low  signal  band  running  obliquely  through  the  Hoffa  fat 
(airov^  with  adjacent  high  signal,  (b)  Sagittal  proton  density-weighted  imaging  (PDWi)  shows  a bw  signal  band  In  the  Hoffa  fat  (anow).  (c)  Axial  FS 
TZWI  from  a second  patient  shows  a thickened  medial  patellar  low  signal  plica  (arrow)  wfth  adjacent  high  signal  fluid  from  joint  effusion. 
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Table  7.6  (Cont)  Lesions  of  the  synovium  and  bursae  and  arthropathy 
Abnormalities  MR!  findings  Comments 


Pigmented  vlllonodular 
synovitis  (PV/MS) 

(►  Fig.  7.55; 

► Rg.  7.56) 


PVNS  may  be  of  diffuse  or  nodular  type.  Both  types  have 
similar  signal  characteristics  with  low  signal  on  fat-sup- 
pressed 12 -weighted  Imaging  (FS  T2WI)  and  low  signal  on 
both  proton  density-weighted  Imaging  (PDWI)  and  T1- 
weighted  imaging  (T1WI).  Enhancement  with  gadolinium 
chelate  is  variable,  often  moderate  in  degree.  One  charac- 
teristic that  Is  helpful  In  Identifying  tills  lesion  on  MRI  Is  the 
pronounaed  blooming  effect  on  gradient  echo  sequences 
due  to  tiie  presence  of  hemosiderin  within  the  lesion.  This  is 
easily  seen  on  high  field  strength  MRI  where  the  effect  Is 
stronger.  Erosion  of  adjacent  bone  may  also  be  seen.  Joint 
effusion  is  often  present. 


Most  cases  are  seen  In  die  knee  In  an  Intra-artlcular  location. 
Many  patients  with  PVNS  eomplain  of  pain  that  is  slowly 
progressive.  Other  symptoms  may  indude  stiffness  and 
locking.  Most  patients  are  treated  surgically  with  synovec- 
tomy. If  the  lesion  is  small  then  radiation  may  be  sufficient 
Up  to  50%  of  patients  treated  for  PVNS  may  have  recurrence. 


(continued  on  poge  232) 


Fig.  7.55  (a)  Sagittal  fat-suppressed  T2-welghted  Imaging  (FS  T7WI)  shows  a mildly  Increased  signal  mass  posterior  to  the  cruciate  ligaments  (arrow). 
This  is  nodular  type  pigmented  villonodular  synovitis  (PVNS).  (b)  Sagittal  proton  density-weighted  imaging  (PDWI)  shows  an  intermediate  signal  mass 
posterior  to  tile  cruciate  ligaments  (arrow),  (c)  Axial  Tl-weighted  imaging  (T1WI)  shows  a low  to  intermediate  signal  mass  posterior  to  die  cruciate 
ligaments  (arrow),  (d)  Axial  FS  T1  Wl  shows  a mass  that  Is  nearly  Isolntense  to  muscle  and  posterior  to  die  crudate  ligaments,  (e)  Axial  FS  T1  Wl 
postoontrast  shows  a mild  to  moderately  enhanang  mass  posterior  to  the  cruciate  ligaments,  (f)  Sagittal  FS  T1  Wl  posteontrast  shows  a moderately 
enhancing  mass  posterior  to  the  cruciate  ligaments. 
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Fig.  7.56  (a)  Sagittal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  shows  lll-deflned  zones  of  mixed  high  and  low  signal,  predominantly  In  die 
posterior  portion  of  tire  knee  (arrow).  This  Is  diffuse  type  pigmented  vlllonodular  synovitis,  (b)  Sagittal  proton  density-weighted  Imaging  (PDWI) 
shows  ill-defined  aones  of  heterogeneous  signal  in  die  anterior  and  posterior  portions  of  die  knee,  (c)  Axial  FS  T1 -weighted  imaging  (Tl  Wl)  shows  ill- 
defined  zones  of  mbeed  signal  in  the  anterior  and  posterior  portions  of  die  knee  with  small  fod  of  low  signal  (arrow)  likely  representing  deposits  of 
hemosiderin,  (d)  Corresponding  axial  FS  T1WI  postcontrast  shows  moderate  heterogeneous  zones  of  Ill-defined  enhancement  (arrow),  (e) 
Corresponding  sagittal  FS  T1WI  postcontrast  shows  heterogeneous  zones  of  iil-defined  enhancement. 
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Table  7.6  (Cont)  Lesions  of  the  synovium  and  bursae  and  arthropathy 


Abnormalities  MRI  findings 


Synovitis 
(►  Fig.  7.57) 


Synovial 

chondromatosis 
(►  Fig.  7.58) 


On  F5  T2WI  tiiere  are  often  heterogeneous,  somewhat 
nodular  zones  of  miced  low  signal  seen  within  a high  signal 
joint  effusion.  On  FS  T1WI  after  intravenous  contrast 
administration  tiiere  Is  enhancement  of  these  zones  of 
proliferating  synovium,  which  is  adjacent  to  nonenhancing 
low  signal  joint  effusion. 

Primary  and  secondary  synovial  chondromatosis  has  a 
variable  MRI  appearance  dependent  on  the  amount  of 
ossification  relative  to  cartilage.  In  cases  where  there  Is 
extensive  calcification  tire  lesion  will  appear  as  multiple 
intra-articular  rounded  signal  voids  on  all  MRI  sequences. 
On  postnmtrast  Images  tiiere  may  be  minimal  enhance- 
ment of  the  periphery  of  these  lesions.  In  cases  with  a higher 
proportion  of  cartilage  content  tiiere  Is  Intennedlate  signal 
on  PDWI  and  slightly  to  moderately  high  signal  on  F5  T2WI. 
in  late  stages  of  this  disease  tiiere  are  often  associated 
changes  of  secondaiy  osteoarthritis,  including  subchondral 
sdenosis,  loss  of  articular  cartilage,  subaoitlcal  reactive 
marrow  edema,  and  joint  effusion. 


Comments 

in  normal  joints  there  Is  a thin,  smooth  synovial  lining  that 
demonstrates  minimal  thin  linear  enhancement  with  intra- 
venous aontrasL  When  the  synovium  becomes  inflamed  it 
will  become  thickened  and  often  have  zona  of  nodularity 
that  demonstrate  strong  enhancement  This  represents 
synovial  proliferation,  which  can  have  several  causes. 
Including  many  different  arthropathies. 

Synovial  chondromatosis  is  divided  into  two  types,  primary 
and  seaondaiy,  with  secondary  being  much  more  common. 
Primaiy  type  is  a benign  disorder  In  which  there  Is  nodular 
cartilaginous  metaplasia  of  intra-aiticular  synovium.  Ibis  can 
progress  to  form  small  loose  bodies,  which  can  ultimately 
ossify.  This  disorder  can  also  occur  in  the  synovium  of  bursae 
and  tendon  sheaths.  Secondary  osteochondromatosis  occurs 
in  the  setting  of  other  joint  diseases  such  as  osteoarthritis, 
avascular  necrosis  (AVN),  prior  joi  nt  trauma,  and  others.  The 
underlying  cause  is  disruption  of  articular  cartilage  with  the 
formation  of  loose  bodies,  which  go  on  to  osseous 
metaplasia,  fhese  loose  bodies  receive  nutrients  from  the 
synovial  fluid  that  surmunds  then.  Most  patients  complain 
of  Joiint  pain  and  decreased  range  of  motion.  The  knee  is  the 
most  common  location.  Surgical  treatment  consisting  of 
removal  of  the  loose  bodies  with  synovectomy  Is  often 
effective,  although  recurrence  is  possible  if  there  has  been 
Incomplete  sywvectomy. 


(continued  on  page  234) 


Fig.  7.57  (a)  Axial  fat-suppressed  T2-wefcjhted 
imaging  (FS  T2WI)  shows  a large  joint  effusion 
with  some  zones  of  lower  signal  nodularity 
(arrow),  (b)  Axial  Tl-welghted  imaging  (T1WI) 
shows  a low  signal  effusion  with  a zone 
intermediate  signal  (arrow),  (c)  Corresponding 
axial  FS  T1WI  shows  a laige  effusion,  (d)  Axial  FS 
T1  Wl  post-lntiavenous  contrast  shows  a thick, 
inflamed,  enhancing  synovium. 


232 


The Knee 


Fig.  7.56  (a)  Sagittal  proton  density-weighted 
imaging  (PDWI)  shows  a cluster  of  adjacent  low 
signal  loose  bodies  posterior  to  die  posterior 
cruciate  ligament  (PCI.)  (arrow),  (b)  Sagittal  fat- 
suppressed  T2-weighted  imaging  (F5  T2W1) 
shows  a cluster  of  predominantly  low  signal  loose 
bodies  with  fad  of  high  signal  posterior  to  die 
PCL.  (c)  Sagittal  FS  T7WI  from  a second  patient 
shows  multiple  laige  mned  signal  loose  bodies 
posterior  to  die  PCL  (d)  Sagittal  PDWI  h orn  the 
same  patient  shows  multiple  mned  signal  loose 
bodies  posbertor  to  die  PCL  In  both  patients  this 
Is  secondary  osteochondromatosis. 
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Ta We  7.6  (Cont)  Lesions  of  the  synovium  and  bursae  and  arthropathy 


Abnormalities  MRI  findings 


Comments 


Osteoarthritis  (OA) 
(►  Fig.  7.59) 


lhe  goal  of  MRI  in  evaluation  of  OA  of  the  knee  Is 
assessment  of  articular  cartilage  and  adjacent  subchondral 
bone.  On  fat-suppressed  T2  weighted  imaging  (FS  T2WI)  a 
range  of  cartilage  abnormalities  can  be  seen,  Including 
minor  surface  irregularities  with  progression  to  more  severe 
abnormalities,  including  surfaae  ulcers,  fissures,  fibrillation, 
partial-thickness  defects,  and  ultimately  full-thkkness 
defects,  which  may  be  small  or  large.  Commonly  associated 
with  carriage  abnormalities  are  signal  changes  in  die 
adjacent  subeoitlcal  bone.  These  may  be  mild  or  severe  and 
usually  eorrespond  to  die  degree  of  cartilage  damage.  On  F5 
T2WI  tiiere  is  often  patchy  high  signal  seen  in  die  adjacent 
subeortlcal  bone.  This  Is  degenerative  reactive  marrow 
edema  and  is  often  on  botii  sides  of  a joint  In  a fairly 
syinmebk  pattern  unlike  a posttraumatic  bone  contusion, 
which  often  affects  a bone  on  only  one  side  of  die  joint. 
Odter  typical  findings  on  FS  T2WI  are  round  high  signal 
subeortlcal  cysts  (geodes),  which  are  vaiiable  in  size  and 
number.  Marginal  osteophytes  and  subcortical  sdeiesis,  low 
signal  in  the  subcortical  legion  on  PDWI  and  T1WI,  are  also 
commonly  seen.  In  advanced  cases  tiiere  may  also  be 
flattening  of  bony  articular  contours. 


OA  Is  die  most  common  arthropatiiy.  Cartilage  destniction 
and  resultant  changes  In  die  underlying  bone  are  die 
distinctive  features  of  OA.  There  are  many  causes  of  OA,  all 
of  which  ultimately  lead  to  cartilage  destniction.  Typical 
causes  Include  acute  traumatic  Injuries  and  repetitive 
injuries,  sometimes  related  to  work.  Other  predisposing 
factors  Indude  obesity,  older  age,  and  anatomical  variation, 
Including  bony  alignment.  Patients  often  present  wltii  joint 
pain,  which  will  increase  in  severity  with  increasing  levels  of 
activity.  Eventually,  patients  may  complain  of  knee  joint 
Instability.  OA  can  be  treated  botii  medically  and  suigkally. 
Medical  treatment  typically  consists  of  nonsteroidal  anti- 
inflammatory drugs  for  pain  and  in  some  patients  with 
supplements  such  as  glucosamine  and  diondmltin  sulfate. 
Surgeiy  often  eonsists  of  total  joint  replacement  In  selected 
patients  new  cartilage  transplantation  techniques  are  being 
performed.  This  Is  an  evolving  technique. 


Fig.  7.59  (a)  Coronal  proton  denslty^w^ghted 
imaging  shows  large  marginal  osteophytes  aris- 
ing from  die  distal  femur  and  smaller  proximal 
tlblal  osteophytes,  (b)  Coronal  fat-suppressed  T2- 
welghted  Imaging  shows  subeortlcal  degenera- 
tive reactive  marrow  edema  in  the  medial 
femoral  eondyle  and  opposite  medial  tibia  with 
additional  degenerative  reactive  marrow  edema 
in  tii e eentral  proximal  tibia  extending  into  the 
tibial  spines.  A small  geode  is  also  present 
between  the  tibial  spines  (arrow).  There  Is  also 
some  thinning  and  irregularity  of  the  femoral 
articular  cartilage. 
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8 The  Ankle  and  Foot 

Gary  M.  Hollenberg 

8.1  Lesions  of  the  Ankle  and  Foot 
Tendons 

• Noninserdonal  Achilles  tendinosis 

• Insertional  Achilles  tendinosis 

• Achilles  tendon  tears 


• Posterior  tibial  tendon  (FIT)  abnormalities 

• Flexor  halluds  longus  (FHL)  tendon  abnormalities 

• Peroneus  brevis  (PB)  tendon  abnormalities 

• Peroneus  longus  (PL)  tendon  abnormalities 

• Tibialis  anterior  (TA)  tendon  abnormalities 


Table  8.1  Lesions  of  the  ankle  and  foot  tendons 

Abnormalities 

MRJ  finding? 

Comments 

Noninsertional  Achilles 
tendinosis 
( Fig.  8.1) 

Look  for  tendon  enlargement  (nonnally  7 mm  in  short  axis), 
anterior  convex  bowing  of  the  tendon,  and  increased 
Intratendinous  signal  on  proton  density-weighted  imaging 
(PDWI)  and  fat-suppiessed  72-weighted  imaging  (FS  T2WI). 
This  is  commonly  seen  4 to  6cm  proxiimal  to  the  calcaneal 
insertion.  To  distinguish  tendinopathy  from  a partial  tear, 
check  for  fluid  signal  on  FS  T2WI  seen  with  teais.  Assess  the 
paratenon  for  abnonnal  signal.  Inflammation  adjacent  to  the 
tendon  reflects  para  tendonitis. 

Noninsertional  tendinosis  occurs  in  the  hypovascular/water- 
shed  area  of  the  tendon  4 to  6 cm  proximal  to  the  insertion. 

A paratenon  surrounds  the  tendon  on  all  but  its  anterior 
mangin.  Tendinosis  is  associated  with  partial  tears.  Other 
differential  considerations  for  an  enlarged  Achilles  tendon  or 
abnormal  tendon  signal  include  xanthomas  in  patients  with 
familial  hyperlipidemia  types  II  and  III  and  gouty  deposits. 

(continued  on  page  240) 
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Fig.  8.1  (a)  Mild  soleus  muscle  strain  may  mimic  a musculotendinous  junction  injury  of  the  Achilles  tendon.  Note  mild  soleus  musde  edema 
posteriorly  on  axial  fat-suppressed  T2 -weighted  imaging  (FS  T2WI).  (b)  A different  patient  with  a partial  soleus  tendon  tear  with  wavy  tom  tendon 
fibers  surrounded  by  mild  edema  posteriorly  on  sagittal  F5T2WI.(c)  Minimal  distal  Achilles  tendinopatiiy  with  abnormal  Increased  signal  in  die  distal 
tendon  (airow)  and  mild  anterior  tendon  bowing  on  sagittal  proton  density-weighted  imaging  (PDWI)and  (d)  on  sagittal  FS  T2WI.(e)  In  a different 
patient  note  paratendonitis  with  abnormal  high  T2  signal  anterior  to  die  Achilles  tendon  (blade  arrow)  and  more  subtle  increased  signal  witiiin  the 
distal  tendon  (white  arrow)  on  sagittal  FS  T2WI  and  (f)  on  axial  FS  T2WI.  (g)  In  a more  severe  case  of  tendinosis,  note  Focal  thickening  and  anterior 
bowing  of  the  tendon  on  sagittal  POVM.  (h)  There  Is  a superimposed  tiny  partial  tear  along  die  posterior  tendon  (arrow)  on  sagittal  FS  T2WI.  (I)  Note 
inoroed  signal  of  paratendonitis  posterior  to  die  Achilles  tendon  partial  tear  on  axial  FS  T2WI.  An  intact  plantarb  tendon  is  seen  anteromedial  to  the 
Achilles  tendon. 


239 


The  Ankle  and  Foot 


Table  8.1  (Cont.)  lesions  of  the  ankle  and  foot  tendons 

Abnormalities  MRI  findings  Comments 


Insertion^  Achilles  ten-  Abnormal  tendon  enlargement  and  increased  signal  on 
dinosis  PDWI  and  F5  T2WI  (as  with  noninsertional  tendinosis)  seen 

(►  Fig.  8.2)  distally  at  the  calcaneal  insertion. 


Insertional  Achilles  tendinosis  is  often  associated  with 
retrocalcaneal  and  retro-Achilles  bursitis.  Look  for  increased 
signal  fluid  on  FS  T2WI  in  the  retrocalcaneal  bursa  posterior 
to  the  calcaneus  and  in  the  retro-Achilles  bursa  posterior  to 
the  Achilles  tendon.  Haglund  syndrome  consists  of  inser- 
tional Achilles  tendinosis,  bursitis,  and  Haglund  deformity  (a 
prominent  calcaneal  tuberosity).  Note  that  the  retro-Achilles 
bursa  is  an  adventitial  bursa,  discussed  later. 

(continued  on  page  242) 
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Fig.  8.2  (a)  Distal  Adiilles  tendinopathy  with  degenerative  geode  formation  and  reactive  marrow  edema  of  tile  posterior  calcaneus.  Note  distal 
tendon  thickening  and  adjacent  Increased  signal  edema  and  fluid  In  the  retrocalcaneal  (arrow)  and  retro^Achilles  (arrowhead)  bursae  on  sagittal  fat- 
suppressed  T2-welghted  Imaging  (FS  T2WI).  (b)  Corresponding  axial  FS  T2WI  demonstrates  slight  anterior  bowing  of  the  thldoened  portion  of  tire 
distal  Adiilles  tendon  with  surrounding  edema/fluid,  (c)  In  a similar  patient  with  Achilles  tendinopathy  note  the  thickened  distal  Achilles  tendon  on 
sagittal  proton  density-weighted  imaging,  (d)  There  Is  fluid  In  the  retrocalcaneal  bursa  (white  arrow)  and  edema  In  the  retft*Adiilles  bursa 
(arrowhead)  on  sagittal  FS  T2WI.  (e)  Correlative  axial  FS  T2WI  also  demonstrates  fluid  In  the  retnocalcaneal  bursa. 
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Table  8.1  (Cont)  Lesions  of  the  anlde  and  foot  tendons 

Abnormalities  MR!  findings  Comments 


Achilles  tendon  tsars 
(►  Fig,  8 3) 


Rupture  commonly  oecurs  2 to  6cm  proximal  to  the 
insertion  of  tiie  tendon  on  die  calcaneus,  or  mone  pnoximaily 
at  the  musculotendinous  junction.  Look  for  disrupted 
tendon  architecture  with  abnormal  tendon  morphology 
including  bulging  of  tire  anterior  tendon  margin,  tendon 
enlargement,  and  wavy  retracted  tendon  ends  in  complete 
tears.  Abnormal  Increased  signal  on  PDWI  and  fluid  signal  on 
FS  T2WI  will  be  seen  at  the  tsar  site,  versus  Intermediate 
signal  abnormalities  on  FS  T2WI  seen  with  tendinosis.  The 
sagittal  plane  Is  tire  most  helpful  In  initial  evaluation.  Assess 
the  size  of  die  gap  between  torn  tendon  ends  In  eomplete 
tears.  Ihis  gap  will  vary  depending  on  degree  of  plantar 
flexion. 


The  presence  and  size  of  the  gap  at  the  tear  site  Is  Important 
in  determining  die  choice  of  conservative  or  surgical 
management.  Complete  tears  may  present  with  apposed  or 
overlapping  tom  ends,  particularly  If  tire  patient  Is  casted  In 
plantar  flexion.  Partial  tears  may  be  diagnosed  by  assessing 
for  contour  abnormality  at  the  suspected  tear  site.  Proximal 
tendon  Imaging  Is  essential  to  exclude  a musculotendinous 
junction  injury.  Do  not  mistake  an  Intact  plantaris  tendon 
(seen  medially)  for  the  Achilles  tendon.  Tendon  enlargement 
due  to  infiltration  by  a xanthoma  may  occur  In  familial 
hyperlipidemia,  and  mimics  tendinosis,  but  tends  to  be 
bilateral.  Re-tear  of  postoperative  Achilles  tendons  may  be 
Identified  by  tite  presente  of  susceptibility  artifact  from 
suture  material. 


(continued  on  poge  244) 


Fig.  8.3  (a)  Small  partial  tear  of  the  Achilles  tendon  demonsbating  fluid  signal  at  the  tear  site  posteriorly  (airow)  on  sagittal  Fat-supprmed  T2- 
welghted  imaging  (FST2WI)  and  (b)  on  axial  FS  T2WI.  Note  abnormal  tendon  thickening  and  anterior  bowing,  (c)  Larger  partial  Achilles  tendon  tear  on 
axfal  proton  density-weighted  Imaging  (POVA/Q.  Note  Irregular  separation  of  the  tom  ends  along  an  oblique  plane  (arrow)  and  intermediate  signal  fluid 
within  tiie  tear  site.  Note  asymmetiic  ovoid  configuration  of  the  tom  ends,  which  remain  apposed,  (d)  Complete  Achilles  tendon  tear  with  abnormal 
signal  and  thickening  of  tite  distal  tom  end  (arrow)  and  irregular  thinning  and  poor  definition  of  the  proximal  end  on  sagittal  POWI.  Patient  is  in  a 
neutral  position  with  separation  of  the  tom  ends  In  this  subacute  case  of  a tom  Achilles  tendon,  (e)  A more  proximal  Achilles  tear  with  intermediate 
signal  fluid  within  the  tear  site  (arrow)  and  fluid  extending  anteriorly.  Note  linear  increased  signal  more  distaliy  representing  tendinosis  on  sagittal 
POWI.  (f)  Corresponding  axial  FS  T2WI  through  the  tear  site  (arrow)  demonstrates  ill-defined  fluid,  hemorrhage,  and  tom  tendon  ends,  (continued) 
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Fig.  83  (continued)  (g)  A different  case  of  a proximal  Achilles  tendon  tear  with  nearly  opposed  tom  ends  (arrow)  on  sagittal  F5  T2WI.  Note  severe 
tendinosis  of  the  proximal  and  distal  tom  ends,  (h)  Laceration  of  an  Achilles  tendon  following  Injury.  Note  the  fluid-filled  gap  (arrow)  between  die 
tendon  ends  and  a lack  of  adjacent  tendinosis  on  sagittal  F5  T2WI.  (I)  Postoperative  appearance  of  a repaired  tendon  with  residual  thickening  and 
magnetic  susceptibility  artifact  (anew)  on  sagittal  F5T2WI.  (])  Re-rupture  of  a previously  repaired  tendon.  Note  the  ill-defined  tear  site  and  low  signal 
foci  of  magnetic  susceptibility  artifact  on  sagittal  PDWI. 
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Table  8.1  (Cont)  Lesions  of  the  anlde  and  Foot  tendons 

Abnormalities 

MRI  findings 

Comments 

Posterior  tibial  tendon 
(PIT)  abnormalities 
(►  Fig.  8.4) 

A spectrum  of  signal  and  morphological  abnormalities 
ranging  from  tenosynovitis  to  complete  tendon  tear. 
Tenosynovitis  presents  with  abnormal  fluid  signal  on  FS 

T2WI  surrounding  an  otherwise  Intact  tendon.  Tendon 
enlargement  and  increased  signal  within  the  tendon  on 
PDWI  and  FS  12 Wl  am  indicative  of  tendinosis,  often  seen  at 
and  distal  to  die  medial  malleolus.  The  presence  of  fluid 
within  die  tendon  substance  on  FS  T2WI  differentiates 
tendinosis  from  a tear.  Note  that  the  normal  tendon  can  be 
up  to  twice  die  size  of  the  adjacent  fllexor  dlgitorum  longus 
tendon.  Vertical  split  tears  present  with  tendon  thickening 
and  variable  increased  linear  signal  on  PDWI  and  FS  T7W1. 
lhe  tendon  may  appear  attenuated  due  to  subtendons 
along  a spilt  tear.  Marrow  edema  may  be  seen  In  the 
adjacent  medial  malleolus.  Complete  tears  are  indicated  by 
absence  of  die  tendon  along  Its  expected  course. 

Typically  affects  middle-aged  women  and  Is  associated  with 
ftatfoot  deformity.  The  posterior  dbial  tendon  normally 
increases  in  size  and  signal  as  it  inserts  on  the  navicular 
tubercle  and  dMdes  to  insert  on  the  cuneiforms,  the  second 
to  fourth  metatarsals,  and  die  cuboid.  Patients  with  a type  II 
accessory  navicular  demonstrate  a synchondrosis  between 
the  ossicle  and  die  navicular,  lhe  tendon  Inserts  on  the 
oxide  resulting  in  abnormal  sdex  and  an  increased 
incidence  of  tendon  pathology.  Angled  axial  magnetic 
resonance  (MR)  Images  are  useful  to  maximize  shoit  axis 
Image  orientation  to  tendons  as  they  crox  the  malleoli.  This 
also  helps  minimize  magic  angle  effect  on  short  TE 
sequences.  PTT  dysfunction  Is  usually  degenerative.  Pannus 
of  iheumatoid  arthritis  will  appear  more  complex  and 
nodular  than  routine  tenosynovitis. 

(continued  on  poge  24 6) 

Fig.  8.4  (a)  Normally  low  signal  but  mildly  thickened  posterior  tibial  tendon  (PTT)  (arrow)  on  axial  fat-suppressed  T2-welghted  Imaging  (FS  TZWI).  (b) 
Severe  posterior  tibial  tendinopatliy  with  tendon  enlargement  (arrow)  on  coronal  pioton  density-weighted  imaging  (PDWI).  (c)  High  signal  fluid 
suiToundlng  die  enlarged  and  thickened  PTT  represents  tenosynovhls  and  tendlnopathy  on  coronal  FS  T2WI.  (continued) 
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Rg.  8.4  (continued)  (d)  Small  PTT  with  a spilt  tsar  (arrow)  on  axial  PD\M.  Note  linear  Increased  signal  through  the  substance  of  die  tendon,  (e)  In  a 
different  patient  an  ill-defined  tear  of  the  PTT  (arrm)  with  abnormally  increased  signal  on  coronal  FOWL  (f)  Complex  split  tear  of  the  FIT  with 
subtendons  (ai rou0  on  angled  axfal  PDWI.  (g)  Note  surrounding  high  signal  tenosynovitis  on  angled  axial  FS  T2WI.  Tenosynovitis  also  extends  to 
surround  the  flexor  dlgltorum  tendon  more  posteriorly,  (h)  Both  tenosynovitis  and  tendlnopathy  with  tendon  thickening  and  linear  spilt  tsars  (arrows) 
Involve  the  PTT  on  sagittal  FS  T2WI.  (i)  Note  extensive  heterogeneous  high  signal  pannus  sunounding  the  medial  and  lateral  tendon  groups  in  a patient 
with  rheumatoid  arthritis  on  axial  FS  T2W1.  The  pannus  should  not  be  confused  with  simple  fluid. 
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Table  8.1  (Cont.)  Lesions  of  the  ankle  and  foot  tendons 


Abnormalities  MRI  findings 


Comments 


Flexor  hallucis  longus 
(FHL)  tendon 


abnormalities 
(►  Fig.  8.5) 


The  key  lo  diagnosis  of  tenosynovitis  is  a disproportionate 
amount  of  high  T2  signal  fluid  along  the  tendon  sheath 
when  compared  to  the  amount  of  fluid  in  the  tibiotalar  joint. 
Finding  is  usually  well  seen  on  sagittal  images.  FHL 
tendinopathy  appears  similar  to  that  seen  involving  other 
ankle  tendons.  Stenosing  tenosynovitis  occurs  as  a result  of 
inflammation  and  fibrosis,  interrupting  the  flow  of  synovial 
fluid  with  resultant  pooling  or  lobulation  of  fluid  along  the 
tendon  sheath. 


The  flexor  hallucis  longus  tendon  commonly  communicates 
with  the  ankle  joint,  allowing  fluid  to  enter  the  tendon 
sheath.  Stenosing  tenosynovitis  is  often  associated  with  os 
trigonum  syndrome.  With  repeated  plantar  flexion  (e.g. 
dancers)  the  os  trigonum  and  flexor  hallucis  longus  tendon 
become  pinched  between  the  calcaneus  and  posterior 
malleolus.  Complete  tendon  tears  are  uncommon. 


(continued  on  page  248) 
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Rg.  8.5  (a)  Extensive  high  signal  heterogeneous  pannus  surrounding  the  flexor  halluds  longus  (FHL)  tendon  (arrow)  on  axial  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  in  a patient  with  known  iheumatoid  arthritis,  (b)  Note  the  pannus  witliin  the  sinus  tarsi  (arrow),  and  adjacent  reactive 
marrow  edema  of  the  talus,  on  coronal  FS  T2WL 
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Table  8.1  (Cont)  Lesions  of  the  anlde  and  foot  tendons 


Abnormalities 

MRI  findings 

Comments 

Peroneus  brevis  (PB) 
tendon  abnormalities 
(:  Fig.  8.6) 

Spectrum  of  abnormalities  Including  tenosynovitis  that 
demonsb  ates  high  signal  fluid  surrounding  the  tendon  on  FS 
T2WI.  Tendlnopathy  or  partial  tendon  tears  will  usually  show 
attenuation  of  the  tendon  and  abnormally  Increased  tendon 
signal  on  PDWI  and  FS  T2W1.  A peroneus  brevis  tendon  spilt 
tear  is  typically  centered  at  the  tip  of  the  lateral  malleolus 
wftii  a C-  or  chevron-shaped  tendon  with  variably  Increased 
signal  on  PDWI  and  FS  T2WI.  A spilt  tsar  may  also  present  as 
two  separate  subtendons.  Check  for  interposition  of  the 
larger  peroneus  longus  tendon  within  a spilt  tear  of  the 
peroneus  brevfs.  Assess  die  Insertion  of  the  PB  on  die  fifth 
metatarsal  base. 

Peroneus  brevfs  spilt  tear  may  be  associated  with  antero- 
lateral tendon  subluxation  due  to  a tear  of  die  overlying 
superior  peroneal  retinaculum,  look  for  associated  lateral 
ankle  ligament  Injuries  in  cases  of  peroneal  tendon 
abnormalities.  Beware  of  a normal  variant  the  peroneus 
quartus  muscle,  which  can  result  in  erroneous  diagnosis  of  a 
split  tear.  Visualization  of  a separate  muscle  belly  more 
pruxfmally  aonflrms  tills  variant 

(continued  on  poge  250) 


Fig.  8.6  (a)  Mild  tendlnopathy  of  die  peroneus  brevfs  (PB)  tendon  with  Increased  signal  within  die  tendon  (arrow)  on  axial  proton  density-weighted 
Imaging  (PDWI).  (b)  Typical  chevron-  or  C-shaped  (arrow)  appearanae  of  a split  tsar  of  the  P6  tendon.  Tendon  Is  Irregular  and  of  Increased  signal.  Note 
die  adjatent  ganglion  cyst  in  the  subcutaneous  tissues  on  axial  fat-suppressed  T2-weighted  imaging  (F5  T7W1).  (c)  Well-defined  PB  split  tear  (arrow) 
with  surrounding  high  signal  tenosynovitis,  on  coronal  FS  T2WI.  (d)  Maitaed  tendon  enlargement  and  abnormal  signal  are  noted  In  tills  example  of 
tendlnopathy  and  partial  tear  of  die  PB  tendon  (arrow)  on  axial  POWI  and  (e)  on  axial  FS  12WI.  Note  surrounding  high  signal  tenosynovitis,  (f)  A 
different  patient  with  PB  tendinopathy  and  partial  tears  on  axial  PDWI.  Note  tendon  thinning  and  tabulated  contour  (arrow),  {continued) 
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FTg.  8.6  (continued)  (g)  Intermediate  signal  fluid  (asterisk)  separating  a PB  split  tsar  on  axial  PDWI  and  (h)  torrespondlng  high  signal  fluid  (asterisk) 
within  the  PB  split  tear  on  axial  FS  T2WL  (*i)  Two  cases  of  well-defined  PB  split  subtendons  (arrows)  on  either  side  of  an  intact  PL  tendon  on  axial  PDWI 
and  (])  oblique  axial  PDWL  Note  tendons  are  not  sublused,  which  may  accompany  peroneal  tsars. 
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Table  8.1  (Cont)  Lesions  of  the  anlde  and  foot  tendons 


Abnormalities 


MR!  findings 


Comments 


Peroneus  longus  (PL) 
tendon  abnormalities 
(►  Fig.  8.7) 


Ihe  tendon  may  demonstrate  tendinosis  or  spilt  tears  wfth 
MR  findings  of  increased  signal  on  PDWI  and  FS 12WI.  Fluid 
signal  replacing  die  expected  tendon  location  on  FS  T2WI  or 
other  flluld-seasitive  sequence  Is  indicative  of  a tsar,  rather 
than  tendinopatfiy.  Check  for  an  os  peroneum  of  die  PL 
tendon  proximal  to  the  cuboid  hmnel.  Marrow  edema  or 
f lactnne  of  the  ossicle  Is  seen  wltii  peroneal  tendon 
dysfunction.  Displacement  of  die  osslde  proxlmally  Is  a 
subtle  plain  film  finding  of  a tendon  tear. 
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Ihe  peroneus  brevis  and  longus  tendons  have  a shared 
tendon  sheath  proxlmally.  making  visual  separation  difficult. 
Tendons  normally  pass  below  the  fibula  tiirough  the 
red  omalleolar  groove,  held  In  place  by  the  superior  peroneal 
retinaculum.  Check  for  the  flat  peroneus  brevis  tendon 
anterior  to  a larger  and  more  rounded  PL  tendon.  Ihe 
peroneus  brevfs  tendon  can  be  followed  to  die  fifth 
metatarsal  base  and  die  PL  tendon  will  pass  beneath  the 
cuboid  to  insert  on  die  first  metatarsal  and  medial 
cunelfoim. 

(continued  on  page  252) 


Fig.  8.7  (a)  A tiiin  rim  of  high  signal 
flluld  (airow)  surrounds  die  peroneus 
longus  (PL)  tendon  In  an  example  of 
mild  tenosynovitis  with  only  subtie 
signal  changes  of  tendlnopatiiy  on 
axial  fat-suppressed  12-welghted 
imaging  (FS  T2WI).  (b)  Tenosynovitis 
with  increased  signal  pannus  (arrow)  in 
die  tendon  sheatii  of  die  PL  and 
peroneus  bievis  (PB)  tendons  in  a 
patient  with  rheumatoid  artiiritis  on 
axial  FS  12WI.  (c)  Note  slightly 
Increoed  signal  In  die  peroneal 
tendons  reflecting  tendinopatfiy  with 
surrounding  tenosynovitis  (arrow)  on 
coronal  FS  T2WI  and  (d)  sagittal  FS 
T2WI.  (awitiim/ed) 
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FTg.  8.7  (continued)  (e)  More  severe  cases  of  PI.  tendinosis  with  abnormal  tendon  shape  and  partial  tear 3 (arrows)  on  axial  F5  17W1  and  (f)  proton 
density-weighted  imaging  (PDWI).  (g)  Complete  tear  of  die  PL  tendon  with  an  empty  sheath  (arrow)  on  coronal  POWI  and  (h)  retracted  tendon  end 
(arrow)  on  sagittal  PDWI.  (li)  Corresponding  lateral  ankle  X-ray  demonstrates  fragmented  os  perineum,  a finding  associated  with  PI.  tendon 
abnormalities. 
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Table  8.1  (Cont)  Lesions  of  the  anlde  and  foot  tendons 


Abnormalities 

MRI  findings 

Comments 

Tibialis  anterior  (TA) 
tendon  abnormalities 
(►  Fig.  8.8) 

With  suspected  TA  tears  look  for  high  signal  fluid  on  fluid- 
sensitive  sequences.  PDWI  demonstrates  a thinned  tendon 
in  cases  of  partial  tears.  Oblique  axial  images  oriented 
perpendicular  to  die  tendon  at  the  level  of  the  anlde  may 
best  profile  tendon  pathology.  Imaging  in  the  oblique  axial 
and  sagittal  planes  is  useful  to  assess  the  degree  of  tendon 
retraction  In  complete  tears. 

Patients  often  present  with  decreased  ability  to  dorslflexthe 
ankle.  The  tendon  tear  may  present  as  an  anterior  anlde 
mass  with  intermediate  signal  on  PDWI  and  FS  T2WI, 
Differential  oonslderations  Include  tenosynovitis,  talar  dome 
lesions,  and  osteoarthritis  of  the  tibiotalar  joint 

Fig.  8.8  (a)  Note  abnormal  signal  and  enlaigementof  die  tibialis  anterior  tendon  (arrows)  on  axial  proton  density-weighted  Imaging  and  (b)  coronal 
fat-suppressed  T2-weighted  imaging  (F5  T2WI).  (c)  On  sagittal  F5  T2WI,  the  tendon  is  noted  to  be  wavy  in  contour  and  is  partly  tom  (arrow). 
Evaluation  of  tendon  abnormalities  often  requires  evaluation  In  multiple  planes. 
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8.1.1  Lesions  of  the  Ankle  and  Foot 
Tendons  Suggested  Reading 

[1]  Arnold  C,  Vohra  S,  Marcantonio  D,  Doshi  S.  Nonna!  magnetic  resonance 
imaging  anatomy  of  the  ankle  & foot.  Magn  Reson  Imaging  Qin  N Am  2011; 
19:  655-679 


[2]  Kijowski  R,  De  Smet  A,  Mukhaijee  R.  Magnetic  resonance  imaging  findings  in 
patients  with  peroneal  tendinopathy  and  peroneal  tenosynovitis.  Skeletal 
Radiol  2007;  36: 105-114 

[3]  Rodriguez  CP,  Goyal  M.  Wasdahl  DA.  Best  cases  from  the  AF1P:  atypical 
imaging  features  of  bilateral  Achilles  tendon  xanthomatosis.  Radiographics 
2008;  28:2064-2068 

[4]  Wang  XT,  Rosenberg  ZS,  Mechlin  MB,  Schweitzer  ME.  Normal  variants  and 
diseases  of  the  peroneal  tendons  and  superior  peroneal  retinaculum:  MR 
imaging  features.  Radiographics  2005;  25: 587-602 
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8.2  Lesions  of  the  Ankle  and  Foot 
Ligaments 

• Lateral  ligaments:  anterior  talofibular  ligament  (ATFL)  sprain 

• Lateral  ligaments:  calcaneofibular  (CF)  ligament  sprain 

• Lateral  ligaments:  syndesmotic  ligament  injuries/high  ankle 
sprain 

• Lateral  ligaments:  anterolateral  impingement 


• Medial  ligaments:  deltoid  ligament-deep  tibiotalar  and 
superficial  tibiocalcaneal  ligaments 

• Medial  ligaments:  calcaneonavicular  ligament  (CNL)  spring 
ligament  complex 

• Sinus  tarsi  syndrome 


Table  8.2  Lesions  of  the  ankle  and  foot  ligaments 
AhnorrnalitlK 

Lateral  ligaments:  anteiior  talofibular  ligament 
(ATFL)  sprain 
(>  Fig.  8.9) 


MRI  findings 

Normally  a low  signal  sbucture  coursing 
obliquely  between  the  lateral  malleolus  and 
anterior  talus.  Best  evaluated  on  axial  images  at 
the  level  of  the  malleolar  fossa.  The  ligament  is 
easily  identified  by  beginning  at  the  tip  of  the 
lateral  malleolus  and  scrolling  proximally  until 
a triangle  formed  by  the  ATFL,  posterior 
talofibular  ligament,  and  tibia  is  identified. 

ATFL  injuries  span  a spectrum  of  appearances. 
Acute  tears  present  with  increased  signal 
on  fat-suppressed  T2-weighted  imaging  (FS 
T2WI)  with  blurring  and  intermediate  signal 
of  remaining  intact  ligament  fibers  on  T1- 
weighted  imaging  (T1WI)  and  proton  density- 
weighted  imaging  (PDWI).  High  signal  fluid  may 
be  identified  around  the  tom  ligament  with 
marrow  edema  in  the  adjacent  fibula  and  tibia, 
loss  of  surrounding  fat  signal  is  a useful  finding 
for  identifying  ligament  injury.  Look  for  an 
avulsion  fragment  from  the  distal  fibula.  In 
chronic  injuries,  the  ligament  may  appear  wavy 
or  irregular.  Abnormal  thinning  or  thickening  of 
a healed  ligament  sprain  may  be  seen.  Com- 
plete tears  are  distinguished  by  identification  of 
discontinuity  of  fibers  and  an  appreciable  gap 
on  PDWI  and  FS  T2WI. 


Comments 

The  A1TL  is  the  weakest  and  most  commonly 
injured  ankle  ligament.  The  severity  of  lateral 
ankle  ligament  sprains  increases  from  ATFL 
sprain,  to  partial  ATFL  tear  with  sprain  of  the 
calcaneofibular  (CF)  ligament,  and  finally  to 
complete  tears  of  both  ligaments.  The  posterior 
talofibular  ligament  is  rarely  injured.  ArFL 
sprains  are  often  associated  with  injury  to  other 
ligaments,  including  the  deltoid,  syndesmotic, 
and  sinus  tarsi  ligaments.  Injury  to  the  lateral 
ligaments  is  also  associated  with  peroneal 
tendon  abnormalities  and  sinus  tarsi  syndrome. 


(continued  on  page  256) 
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FTg.  8.9  (a)  In  a patient  with  a history  of  ankle  sprains,  note  an  anterior  talofibular  ligament  (ATFL)  sprain  with  a thickened  and  wavy  ATR  (arrow) 
coursing  from  the  anterior  aspect  of  the  lateral  malleolus  to  the  talus.  Although  the  ligament  Is  Intact  It  demonstrates  Increased  signal  and  blurred 
margins  near  the  fibula  on  axial  proton  density-weighted  Imaging  (PDWI).  (b)  Corresponding  mild  Increased  signal  edema  in  the  ATFL  (arrow)  Is  seen 
on  axial  fat-suppressed  T2-weighted  imaging  (FS  T2WI).  Note  the  different  scan  location  than  that  shown  in  (a),  (c)  Different  patient  with  a more 
severe  AIR  sprain  (arrows).  Note  blurred  irregular  ATR.  fibers  on  axial  PDWI  and  (d)  corresponding  increased  signal  on  axial  FS  T2W).  The  irregularity  is 
related  to  tearing  and  subsequent  scar  tissue  formation,  (e)  On  axial  oomputed  tomography  from  another  patient  note  the  avulsed  fragment  (arrow) 
related  to  an  ATFL  tear,  (f)  Corresponding  axial  FS  12WI  demonstrates  a tom  ATR  (airow). 


255 


The  Ankle  and  Foot 


Table  8.2  (Cont.)  Lesions  of  the  anlde  and  foot  ligaments 

Abnormalities  MRI  findings  Comments 


Lateral  ligaments:  calcaneofibular 
ligament  (CF)  sprain 
(i  Fig.  8.10) 

The  CF  ligament  is  nonnally  identified  on  CF  ligament  tears  are  typically  seen  in  associa- 

coronal  images  of  the  ankle  posterior  to  the  tion  with  ATFL  tears.  The  CF  ligament  is  the  most 

ATFL  coursing  deep  to  the  peroneal  tendons  commonly  injured  ligament  after  the  ATFL.  Look 

between  the  lateral  fibular  tip  and  lateral  for  associated  peroneal  tendon  injury.  The 

calcaneus.  This  ligament  is  often  difficult  to  posterior  talofibular  ligament  is  the  thickest  of 

identify.  As  with  ATFL  injuries,  look  for  low  to  the  three  lateral  ankle  ligaments  and  is  rarely 
intermediate  signal  on  PDWI  and  increased  injured.  Do  not  mistake  the  nonnally  striated 

signal  on  FS  T2Wi  within  and  surrounding  the  CF  appearance  of  the  posterior  talofibular  ligament 
ligament,  in  cases  of  sprain,  the  CF  ligament  for  a sprain, 

may  appear  attenuated  with  altered  morphol- 
ogy. The  nonnally  sharp  ligament  margins  may 
be  ill  defined  in  cases  of  chronic  injuiy. 

( continued  on  page  258) 
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Fig.  8.10  (a)  Mild  sprain  of  tire  calcaneofibular  (CF)  ligament  (arrows)  with  increased  signal  along  its  course  on  eoronal  proton  density-weighted 
imaging  (PDWI)  and  (b)  coronal  fat-suppressed  TC-weighted  imaging  (FS  T2WI).  (c)  A more  severe  case  of  a CF  ligament  sprain  (arrow)  with  proximal 
tom  fibers  visualized  on  coronal  FOWL  (d)  Note  abnormal  Increased  signal  surrounding  the  tom  ligament  on  aomespondlng  aoronal  FS  TTWi.  (e)  In  a 
different  patient,  tear  of  the  CF  ligament  (arrow)  with  nouvisualization  of  die  CF  ligament  and  intermediate  signal  replacing  the  expected  location  of 
die  ligament  on  coronal  PDWI. 
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Table  8.2  (Cont)  Lesions  of  the  anlde  and  loot  ligaments 

Abnormalities 

MRI  findings 

Comments 

Lateral  ligaments:  syndesmotk 
ligament  injuiies/high  anlde  sprain 
(i  Fig.  8.11) 

The  syndesmotlc  ligament  complex  of  the 
distal  tibiofiibular  joint  consists  of  the  anteroin- 
ferior tibiofibular  (AF1T)  ligament,  die  poster- 
olnferlor  tibiofiibular  (PITF)  ligament,  the  Inferior 
transverse  ligament,  and  the  Inferior  interosseus 
ligament  These  ligamenls  are  best  identified  at 
the  level  of  the  talar  dome  where  the  fibula  has 
an  oval  configuration.  The  AFTF  ligament  Is  the 
most  commonly  injuied  and  demonsbates 
abnormal  Increased  signal,  wavy  contour,  or 
discontinuity  following  Injury.  Surrounding  fluid 
and  ligamentous  edema  is  well  seen  on  axial 

FS  T2WI  at  die  level  of  die  dblal  plafond. 
Discontinuity  or  visualization  of  the  avulsed 
ligament  may  be  seen.  Helpful  secondary 
findings  Include  edema  or  fluid  extending 
proxfmally  Into  the  tibiofibular  recess,  lateral 
subluxation  of  die  fibula,  and  calcifications  of 
the  interosaevs  membrane  in  chronic  injury 
seen  as  low  signal  fod  on  routine  sequences. 

Injury  Is  often  seen  with  high-contact  athletic 
activities.  Syndesmotlc  sprains  associated  with 
diastasis  of  the  syndesmosis  usually  require 
surgical  fixation.  Note  the  ATTF  ligament  may 
demonstrate  an  Inferior  fascicle  known  as  the 
Bascett  ligament,  which  parallels  the  ATTF 
ligament  Injury  to  the  thicker  PITF  ligament  Is 
unusual,  but  may  present  with  magnetic  reso- 
nance (MR)  findings  oF  thickening  and  increased 
signal  Indicative  of  edema. 

(continued  on  page  260) 


Flg.8.11  (a)  Tearof  the  normally  low  signal  anterofnferlortlbloftbular  (ATTF)  ligament  (white  arrow)  on  axial  proton  denslty^welghted  Imaging 
(POWt).  The  thick,  normally  striated  posleroinferior  tibiofibular  (PITF)  ligament  is  intact  (black  arrow),  (b)  Note  an  anlde  joint  effusion  and  discontinuity 
of  die  ligament  (white  arrow)  as  It  courses  from  die  anterior  fibula  to  the  anterior  dblal  attachment  on  axial  fat-suppresed  12~welghted  Imaging  (FS 
T7WI).  (c)  In  a different  patient  note  a well-defined  tear  of  die  AJTF  ligament  (white  airow)  from  die  anterior  tibia  on  axial  FS  T2WI.  (continued) 
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Ffg.  8.11  (crwffru/ed)  (d)  Tear  of  die  AfTF  (while  arrow)  with  abnormal  lobulated  morphology  of  die  tom  ligament.  Also  note  a sprain  of  die  PITF 
ligament  (black  arrow)  on  axial  FS  T2WI.  (e)  Contiguous  axial  FS  T2WI  demonstrates  a complex  appearance  of  the  lorn  AfTF  ligament  more  interiorly, 
(f)  Example  of  Interosseos  ligament  Injuiy  (arrow)  wftii  Irregular  wavy  fibers  proximal  to  die  level  of  die  talar  dome  on  axial  FS  17WI.  (g)  Note  wavy 
fibers  of  the  lorn  interusxos  membrane  move  praximally  (arrow)  in  a different  patient  on  coronal  PDWL  (h)  Example  of  the  Bassett  ligament-a  normal 
separate  fasdcle  of  die  AfTF  on  coronal  POWI. 
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Table  8.2  (Cont)  Lesions  of  the  anlde  and  foot  ligaments 

Abnormalities 

MRI  findings 

Comments 

Lateral  ligaments:  anterolateral  Impingement 
(►  Fig.  8.12) 

in  anterolateral  Impingement  an  Intermediate 
to  low  signal  soft  tissue  mass  or  "meniseoid 
lesion*  consisting  of  scar  or  synovium 
entrapped  In  die  anterolateral  gutter  anteriorly 
is  often  seen  in  association  with  tsars  of  the 
ATFL  and  ATTF  ligaments.  Abnormal  tissue  is  of 
Intermediate  to  low  signal  on  axial  T1WI  and 
PDWI  and  Intermediate  signal  on  F5  72WI, 
replacing  the  normal  fat  in  this  location. 

This  condition  Is  seen  In  younger  patients 
following  invasion  injuiy,  witii  tenderness  along 
tiie  syixiesmosis  and  anterolateral  ankle.  Look 
for  spurs  and  ossicles  at  tiie  flbular  tip  and 
cartilage  abnormalities  of  tiie  talus.  Check  for 
loose  bodies  in  the  anterolateral  gutter. 

Medial  ligaments:  deltoid  ligament-deep  tlblo- 
talar  and  superficial  tibiocalcaneal  ligaments 
(►  Fig.  8.13) 

The  largest  and  easiest  medial  anlde  ligament  to 
tonsistently  identify  is  the  deep  tibiotalar 
•omponent  of  die  deltoid  ligament.  Witii  an 
acute  sprain  look  for  loss  of  the  normal  striated 
ligament  appearance  and  increased  signal  on 
soronal  POWI  and  FS  T2WI  Images.  More 
dironlc  Injury  may  result  In  abnormal  ligament 
sontour  or  thickening,  embedded  ossific  fr  ag- 
ments, and  cystic  change  at  the  attachment 
sites  at  tiie  tip  of  the  medial  malleolus  and 
adjacent  medial  talus. 

Deltoid  ligament  sprains  as  an  Isolated  Injury  are 
uneommon.  The  four  main  eomponents  are 
injured  in  tiie  following  order:  tibiocalcaneal  and 
tibionavicular  followed  by  tiie  stronger 
tibiospring  ligament  and  posterior  tibiotalar 
ligaments. 

(continued  on  poge  262) 


Fig.  8.12  (a)  A patient  with  pain  along  the 
anterolateral  ankle.  Note  abnormal  low  signal 
both  anterior  and  posterior  to  die  anterior 
talofibular  ligament  (ATTI)  (arrow)  on  axial 
proton  density-weighted  Imaging  (POWI).  (b)  On 
fat-suppressed  T2 -weighted  Imaging  (F5  T2WI), 
the  AIR  (arrow)  is  of  mildly  abnormal  signal  with 
surrounding  increased  signal  synovib's/scar 
replacing  normal  fat  In  die  anterolateral  gutter. 
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Fig.  8.13  (a)  Normal  striated  appearance  of  the  deep  tiblotalar  portion  of  tiie  deltoid  ligament  (white  arrow).  The  thinner  supeifldal  tlblocalcaneal 
poition  of  tiie  deltoid  ligament  (black  arrow)  is  also  seen  widiout  striations  on  toronal  p colon  density-weighted  imaging  (PDWI).  (b)  In  this  case  of 
deltoid  ligament  sprain  (arrow),  note  tiie  loss  of  tiie  nonmal  tibiotalar  ligament  striation  and  tiie  loss  of  definition  of  fibers  on  coronal  POWI.  (c) 
Corresponding  coronal  fat-suppressed  T2-welghted  Imaging  (F5  T2WI)  demonstrates  diffuse  abnormally  increased  signal  (airow)  In  tiie  normally  low 
signal  tiblotalar  deltoid  ligament  (d)  Note  heterogeneous  disorganized  appearance  of  tiie  ligament  In  tills  case  of  dinonk  tiblotalar  deltoid  ligament 
sprain  (white  arrow).  Also  note  tiikkening  and  increased  signal  in  the  sprained  tibiocalcaneal  portion  of  the  deltoid  ligament  (blade  arrow)  on  eoronal 
POWI.  (e)  In  a different  patient  tiblotalar  and  tibiocalcaneal  deltoid  ligament  sprains  wtth  bone  irregularity  at  the  medial  malleolus  and  medial  talar 
attachment  sites  (arrow)  on  coronal  PDWI.  (f)  Corresponding  reactive/posttraumatic  marrow  edema  Is  seen  In  tiie  medial  malleolus  on  coronal 
F5 12WI. 
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Table  8.2  (Cont)  Lesions  of  the  anlde  and  foot  ligaments 

Abnormalities 

MRI  findings 

Comments 

Medial  ligaments:  calcaneonavicular  ligament 
(OHi)  spring  ligament  eomplex 
( Fig.  8.14) 

Although  three  components  of  the  calcaneo- 
navicular spring  ligament  eomplex  have  been 
described,  die  superomedial  calcaneonavicular 
ligament  Is  most  eommonly  torn.  The  two  other 
•omponents  are  the  medial  plantar  oblique 
ligament  and  the  short  inferoplantar 
oblique  ligament,  With  suspected  Injuiy,  look 
for  thickening  or  thinning  of  the  superomedlal 
CNL  deep  to  an  abnormal  posterior  tibial 
tendon.  Abnormalities  of  tills  ligament  are 
aommonly  associated  with  ftetfbot  deformity. 

The  spring  ligament  complex  supports  the  head 
of  die  talus  and  is  covered  by  fiibnocartiiage  at  its 
site  of  contact  with  the  talus.  The  posterior  tibial 
tendon  crosses  over  the  superomedial  caka- 
neonavlcular  spring  ligament  at  the  'gliding 
zone.'  This  retitionship  is  best  profiled  on  axial 
oblique  and  aoronal  Images.  The  tiblospring 
component  of  the  deltoid  ligament  attaches 
to  the  superomedial  CNL  anterior  to  the 
sustentaculum  talus. 

(continued  on  poge  ZG4) 


Fig.  8.14  (a)  Normal  spring  ligament  compo- 
nents. Superomedlal  calcaneonavicular  ligament 
(CNL)  (arrw*)  coursing  deep  to  the  posterior 
tibial  tendon  on  coronal  proton  density- 
weighted  Imaging  (POWI)  and  (b)  on  aoronal  fat- 
suppressed  12-weighted  imaging  (FS  TZWl).  (c) 
The  medioplantar  oblique  CNL  (arrow)  runs 
between  the  coronoid  fossa  of  die  calcaneus  and 
the  navicular  on  axial  POWL  (d)  Moderate 
thickening  and  abnormal  signal  of  the  super- 
omedlal CNL  (arrows)  on  axial  POWI  (continued) 
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Fig. 8. 14  (awtiru/ed)  (e)  Moderate 
thickening  and  abnormal  signal  of  the 
superomedlal  CNL  (arrow)  on  axial  FS 
T2WI.  (f)  In  a different  patient,  note 
the  varied  appearance  of  an  abnor- 
mally thickened  superomedlal  CNL 
(arrow)  deep  to  a spilt  tsar  of  the 
posterior  tibial  tendon  on  oblique  axial 
FS  72WI.  (g)  In  a different  patient, 
marked  thldtenlng  and  abnormal 
signal  of  the  superomedial  CNL 
(arrows)  on  axial  PDW1  and  (h)  axial 
FS  T2WI. 
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Table  8.2  (Cont)  Lesions  of  the  anlde  and  foot  ligaments 

Abnormalities  MRI  findings  Comments 


Sinus  tarsi  syndrome 
(►  Fig.  8.15) 


On  sagittal  T1WI  and  PDW1,  look  for  replace- 
ment of  tlie  normally  high  signal  sinus  tarsi  fat 
by  lower  signal  material  representing  fluid, 
synovitis,  or  fibrosis.  On  sagittal  FS 12WI  the 
normally  low  signal  fat  is  replaced  by  relatively 
increased  signal  fluid,  synovitis,  or  fibrosis. 
Interruption  of  the  sinus  tarsi  cervical  and 
Interosseus  ligaments  may  also  be  visible.  Also 
check  for  associated  lateral  ligament  tears  and 
posterior  tibial  tendon  pathology. 


The  sinus  tarsi  Is  a conical  channel  with  a larger 
lateral  opening  that  lies  between  tlie  anterior 
and  posterior  portions  of  the  subtalar  joint 
Patients  often  present  with  lateral  pain  near  the 
sinus  tarsi  and  a history  of  prior  ankle  sprain.  A 
minority  of  patients  have  a history  of  inflam- 
matory arthropathy.  Displacement  of  a portion 
of  the  sinus  tarsi  fat  by  joint  fluid  does  not 
indicate  the  presence  of  sinus  tarsi  syndrome. 


Fig.  8.15  (a)  Replacement  of  the  normal  fat  In  tlie 
sinus  tarsi  (arrows)  by  intermediated  signal  fluid  or 
synovitis  on  coronal  proton  density-weighted 
imaging  (PDWI)  and  (b)  corresponding  increased 
signal  on  coronal  fat-suppressed  T2-welghted 
imaging  (F5  T2W1)  and  (c)  sagittal  FS  T2W1.  (d)  Note 
corresponding  extensive  gadolinium-contrast 
enhancement  (arrow)  on  axial  FS  Tl-welghted 
imaging  (T1WI).  (continued) 
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Fig.  S.  15  (awtiru/ed)  (e)  In  another  patient  note  low  signal  bodies  and  abnonnal  signal  (arrows)  replacing  the  sinus  tarsi  fat  on  sagittal  PDWI  and 
(f)  on  sagittal  FST2WL  (g)  In  a different  patient  with  known  rheumatoid  arthritis,  note  high  signal  pannus  and  fluid  (asterisk)  replacing  the  sinus  tarsi 
fat  and  surrounding  the  peroneal  tendons  on  eoronal  FS  T2WI. 


8.2.1  Lesions  of  the  Ankle  and  Foot 
Ligaments  Suggested  Reading 

[1]  Campbell  5E,  Warner  M MR  imaging  of  ankle  Inversion  injuries,  Magn  Reson 
Imaging  din  N Am  2008;  16: 1-18 

[2]  oatir  A,  Connell  D,  Imaging  of  impingement  lesions  in  the  anlde.  Tbp  Magn 
Iteam  Jmagfng2010;  21: 15-23 

[31  Ooai  KR.  Beltran  LS,  eenardino  JTr  tkgenberg  ZS,  Pefchprapa  C,  Sterner  G. 
Hie  spring  ligament  re<£&  of  the  okcaka/smavirvila/  joint  depiction  <m 


MR  Images  with  cadaveric  and  hlsmiogic  oxidation-  AIR  Am  J flocrtt^nof 
2011;196:1145-1150 

[4]  Ptyrifh  iG)r  Goodwin  DW,  Hecbt  If,  Cheung  Y.  Ankle  Ugammts  on  MRI: 
appearams  of  normal  and  injured  dements.  aJR  Am  J fcwnq^noi  2009; 
193: 687-695 

[5]  Tbye  LR,  Heima  CA*  Hoffman  BO,  Easley  M,  Nunley  JA.  MRI  of  spring  ligament 
tears.  AfRAmJ  ftoefttpmol  2005;  184/ 1475-1480 
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8.3  Abnormalities/Injuries  of  Soft 
Tissues  and  Ossicles  in  the  Ankle 
and  Foot 

• Plantar  fasditis 

• Os  triganum  (posterior  impingement)  syndrome 


• Accessory  navicular  (type  n) 

• Painful  os  peroneum  syndrome  (POPS) 

• Diabetic  foot  osteomyelitis 

• Diabetic  foot  neuiopatiiic  changes/Chairot  neuroarthropathy 

• Pressure  lesion/adventitial  bursa 

• Morton  neuroma/interdigital  neuroma 

• Sesamoid  abnormalities 

• Tbrftoe 


Table  8*3  Abnormalities/Injuries  of  softtisue  and  ossicles  in  the  anlde  and  foot 


Abnormalities 

MRI  findings 

Comments 

Plantar  fasciitis 
(►  Fig.  8.16) 

The  plantar  fascia  is  normally  of  low  signal  on  sagittal  T1- 
welghted  Imaging  (T1WI)  and  proton  density-weighted 
imaging  (PDWI).  With  plantar  fasciitis  look  for  thickening 
(>4  mm)  of  die  proximal  attachment  of  the  plantar  fascia/ 
plantar  aponeurosis  on  the  calcaneus  and  abnormal 
intermediate  signal  on  T1  and  PDWI.  On  fat-suppressed  12- 
weighted  imaging  (FS  72  Wl).  variable  amounts  of  edema 
Involve  the  abnormal  portion  of  the  aponeurosis.  This 
•ondltion  may  be  associated  with  edema/lnff animation  of 
adjacent  subcutaneous  tissues.  Assess  calcaneus  for  a heel 
spur/entiiesophyte,  erosion,  and  marrow  edema.  Dis- 
continuity of  the  plantar  fascia  on  any  sequence  Is  indicative 
of  a tear. 

Most  common  site  of  involvement  is  at  the  medial  calcaneal 
tuberosity  where  the  thicker  central  cord  of  the  plantar 
fasda  arises.  This  condition  is  usually  caused  by  miaoh  auma 
to  die  fascia.  Patients  present  witii  focal  pain  medially  at  the 
calcaneal  tuberosity  that  is  worse  upon  rising  In  the 
morning.  Whereas  focal  degenerative  tears  or  detachment  is 
seen  at  the  cakaneal  attachment,  acute  rupture  typically 
occurs  more  dlstally. 

(continued  on  page  268) 


Fig  8.16  (a)  Note  die  abnormally  thickened  proximal  plantar  fascia  (arrow)  with  abnormal  signal  within  and  adjacent  to  the  tend  on  on  sagittal  fat- 
suppressed  12 -weighted  Imaging  (F5  T2WI).  (b)  Axial  FS  T2WI  demonstrates  Involvement  of  the  medial  eond  (arrow)  of  the  plantar  fasda. 

(c)  Asymmetric  tendon  thickening  and  Increased  abnormal  signal  wfthln  and  surrounding  die  medial  cord  of  die  plantar  fasda  (arrows)  In  another  case 
of  plantar  fasditis  on  coronal  proton  density-weighted  imaging  (POWI)  and  (continued) 
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Ffg.8.16  (ayrfm/ed)  (d)  eoronai  FS  T2WI.  Central  signal  changes  reflect  partial  tearing/detachment  of  the  medial  aoitl  from  the  calcaneus, 

(e)  Example  of  a paitlal  tear  of  the  proximal  medial  aoid  of  the  plantar  fasda  (airow)  with  edema  superficial  to  the  tendon  on  sagittal  FS  T2WI.  (f)  A 
more  pronouneed  example  of  a medial  eord  plantar  fasda  tear  in  a different  patient  with  partial  retraction  of  the  torn  thickened  end  on  sagittal  FS 
72WI.  (g)  Near  eomplele  tear  of  the  plantar  fascia  with  retraction  and  a wavy  aponeurosis  widi  a calcaneal  enthesophyle  on  sagittal  FOWL  (h)  More 
distal  focal  taar  of  the  plantar  fasda  on  sagittal  FS  TZWL  demonstrates  abnormal  signal  at  the  site  of  taar  (I)  Consider  other  causes  of  plantar  pain 
such  as  a plantar  flibnoma  (white  arrow)  on  sagittal  PDWh 
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Table  8.3  (Cont)  Abnormallties/kijuries  of  soft  tissues  and  ossldes  In  the  anlde  and  foot 

Abnormalities 

MRI  findings 

Comments 

Os  tilgonum  (posterior 
impingement) 
syndrome 
(►  Fig.  8.17) 

Abnormally  Increased  12  signal  across  the  synchondrosis 
between  the  os  trigonum  and  posterior  talus  is  seen.  T1  Wl 
and  PDWI  may  also  demonstrate  degenerative  cyst  forma- 
tion or  sclerosis  at  the  synchondrosis.  Alternatively,  one  may 
see  manow  edema  of  an  intact  lateral  tubercle  of  the 
posterior  process  of  tile  talus  (Stieda  process).  Look  for 
associated  Increased  signal  flluld/ganglla  on  FS  T2WI  about 
the  posterior  ankle  ligaments  on  sagittal  and  axial  Images. 

With  pronounced  recurrent  plantar  flexion  seen,  for  exam- 
ple. in  ballet  ddncers,  there  is  compression  of  the  posterior 
talus,  resulting  in  microtrauma  and  subsequent  rupture  of 
the  synchondrosis  or  fracture  of  the  lateral  tuber  cute.  This 
condition  may  also  result  in  compression  of  the  medially 
adjacent  filexor  halluds  longus  (FHL)  tendon  with  resultant 
tendinosis,  tenosynovitis,  and/or  stenoslng  tenosynovitis. 

Soft  tissue  posterior  Impingement  Is  related  to  Inflammation 
involving/surrounding  tile  posterior  ankle  ligaments. 

Accessory  navicular 
(type  II) 

(►  Fig.  8.18) 

A type  II  accessory  navicular  may  demonstrate  edema  on 
either  side  of  the  synchondrosis  seen  on  sagittal  or  axial  FS 
T2WI.  Low  signal  and  cystic  change  may  be  seen  on  T1WI 
and  PDWI.  Look  for  associated  posterior  tiblal  tendon 
pathology.  Distinguish  the  larger  triangular  type  II  accessory 
navicular  from  the  smaller  type  1,  which  is  not  associated 
wftii  posterior  tiblal  tendon  pathology. 

Adventitial  bursitis  may  be  seen  medial  to  a type  II  navicular. 
Assoc  tiie  distal  posterior  tibial  tendon  for  tendinosis  or  for 
enlargement  more  than  seen  normally  at  tiie  insertion  of 
this  tendon  on  the  navicular.  The  presence  of  a type  III  or 
comuate  navicular  (prominent  medial  navicular  tuberde)  is 
also  associated  with  posterior  tibial  tendon  dysfunction. 

(continued  on  pcge  270) 

Fig.  8.17  (a)  Note  degenerative  low  signal  and 
irregularity  at  die  articulation  (arrow)  between 
the  os  tilgonum  and  lateral  tubercle  of  the 
posterior  process  of  the  talus  on  sagittal  pro ton 
density-weighted  imaging  (PDWI).  (b)  Note 
liregular  Increased  signal  Involving  the  syn- 
chondrosis between  the  talus  and  os  trtgonum 
(arrow)  and  marrow  edema  of  the  os  trigonum 
on  sagittal  fat-suppressed  T2-welghted  Imaging. 


f 


Fig.  8.18  (a)  Type  II  accessory  navicular  (arrow) 
with  subtle  reactive  low  signal  on  either  side  of 
the  synchondrosis  on  axial  proton  density- 
weighted  imaging  (PDWI),  (b)  Corresponding 
marrow  edema  Is  well  seen  across  the  syn- 
chondrosis on  axial  fat-suppressed  12-welghted 
imaging  (FS  T2WI).  (continued) 
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Flg.8.18  (continued)  (c)  Note  the  acmsory  osslde  (arrow)  within  the  distal  posterior  tlblal 
tendon  and  irregularity  with  manow  edema  at  die  synchondrosis  on  sagittal  F5  T2WI.  (d)  A 
different  patient  with  a larger  type  II  aacsatoty  navicular  (arrow)  within  die  distal  posteitor 
tfbial  tendon  with  tendlnopathy  and  surrounding  Intermediate  signal  Inflammatory  diange  on 
coronal  PDWI.  (e)  Corresponding  axial  FS  T2WI  demonstrates  marrow  edema  in  the  navicular 
and  high  signal  flluid  within  die  synchondrosis  (arrow),  (f)  Additional  case  with  degenerative 
subdiondral  cyst  formation  (arrow)  at  the  navicular  side  of  the  synchondrosis  on  axial  POWI. 

(g)  Corresponding  axial  FS  T2WI  witii  relatively  mild  edema  at  die  synchondrosis  (arrow),  (h)  Type 
I accessory  navicular  witii  the  smaller  ossicle  (arrow)  seen  on  axial  POWI. 
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Table  8.3  (Cont)  Abnormallties/h  Juries  of  soft  tissues  and  ossldes  In  the  anlde  and  foot 


Abnormalities 

MRI  findings 

Comments 

Painful  os  peroneum 
syndrome  (POPS) 

(►  Fig.  8.19) 

An  os  peroneum  Is  a sesamoid  that  Is  ossified  In  a minority 
of  patients  and  found  within  the  distal  peroneus  longus 
tendon  near  the  cuboid.  Fragmentation  and  proximal 
migration  of  the  ossicle  seen  on  PDWI  and  associated  edema 
seen  on  FS 12WI  can  be  seen  with  peroneus  longus  tendon 
pathology. 

Proximal  displacement  of  the  os  peroneum  Is  a subtle 
radiographic  sign  of  complete  tear  of  the  peroneus  longus 
tendon.  Similar  finding  may  be  assessed  on  sagittal 
magnetic  resonance  (MR)  Images. 

Diabetic  foot  osteo- 
myelitis 

Fig.  8.20) 

Osteomyelitis  is  seen  with  an  assodated  soft  tissue  ulcer  or 
sinus  tract  adjacent  to  an  area  of  abnormal  marrow. 
Abnonnal  marrow  will  demonstrate  low  T1  signal  and 
Increased  signal  on  FS  T2WI.  Periosteal  reaction  maybe  seen 
along  with  cortical  destruction  and  soft  tissue  abates. 
Abnormal  marrow  edema  on  FS  T2WI  without  T1  signal 
dianges  often  Indicates  reactive  marrow  edema  secondary 
to  the  adjacent  soft  tissue  inflammatory  process. 

Soft  tissue  ukers  are  common  at  pressure  points.  Including 
the  first  and  fifth  metatarsal  heads,  malleoli,  and  calcaneus. 
Marrow  signal  changes  seen  on  MR  not  within  the  proximity 
of  a soft  tissue  ulcer  are  unlikely  to  be  related  to 
osteomyelitis. 

( continued  on  poge  272) 
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Fig.  8.19  (a)  Note  loss  of  nonnal  fat  signal  and 
cortical  liregulailty  In  tills  abnormal  os  peroneum 
(arrow)  on  sagittal  proton  denstty^weighted  imaging 
(PDWI).  (b)  Extensive  manow  edema  within  the 
os  (arrow),  and  mild  surrounding  soft  tissue  edema 
on  sagittal  fat-suppressed  T2- weighted  imaging. 

The  peroneus  longus  tendon  is  partly  seen  proximal 
to  the  osside. 
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FTg.&20  Diabetic  patient  with  long-standing  heel  ulcer  and  osteomyelitis,  (a)  Sagittal  Tl-weighted  imaging  (T1WI)  demonstrates  loss  of  overlying 
plantar  soft  tissues  and  low  signal  In  die  adjacent  calcaneus  (asterisk)  representing  osteomyelitis.  Fatty  Infiltration  of  die  plantar  foot  musculature  Is 
seen  as  well,  (b)  Note  diffuse  high  signal  marrow  edema  and  erosion  of  die  cortex  (arrow)  on  the  plantar  aspect  of  die  calcaneus  on  corresponding 
sagittal  fat-suppressed  T2-weighted  imaging  (FS  T2WI).  (c)  In  the  differential  for  osteomyelitis  is  a soft  tissue  abscess.  Note  a fluid-filled  abates  cavity 
within  the  plantar  foot  musculature  demonstrating  low  signal  onTl  Wl.  and  (d)  high  signal  on  F5  T2WI  (asterisk)  with  surrounding  soft  tissue  edema, 
(e)  Soft  tissues  surrounding  die  low  signal  abscess  cavity  (asterisk)  demonstrate  gadolinium-contrast  enhancement  on  sagittal  FS  T1  Wl. 
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Table  8.3  (Cont)  Abnormallties/tajuries  of  soft  tissues  and  ossldes  in  the  anlde  and  foot 


Abnormalities 

MRI  findings 

Comments 

Diabetic  foot 
neuropathic  changes / 
Charcot 

neuroarthropathy 
(►  Fig.  8.21) 

Marrow  signal  changes  In  Charcot  neuroarthropathy  are 
seen  without  or  distant  from  a soft  tissue  ulcer.  This  helps 
distinguish  this  entity  from  osteomyelitis.  Bone  destiuction 
and  fragmentation  with  neuropathic  changes  typically 
involve  the  midfoot-tarsometatarsal,  intertarsal,  and  meta- 
tarsophalangeal joints.  Fragmentation  of  bone  with  joint 
Involvement  demonstrates  low  signal  onTIWI  and  either 
low  or  high  signal  on  FS  T2WI  or  short  Tl  Inversion  recovery 
(STIR)  images. 

in  later  stages,  infection  may  be  superimposed  on  neuro- 
pathic changes  as  foot  deformity  leads  to  soft  tissue 
ulceration.  Diabetic  foot  changes  present  with  nonhcaling 
ulcers,  whereas  Charcot  arthropathy  often  presents  with 
swelling  without  pain.  The  etiology  of  Charcot  aithiopathy  is 
believed  to  be  due  to  a combination  of  repetitive  trauma, 
loss  of  sensation,  and  autonomic  dysfunction  with  decreased 
blood  flow  to  involved  bones.  Look  for  associated  tendon 
pathology,  musde  edema,  and  fatty  replacement  due  to 
neuropathic  changes. 

Pressure  lesion/ 
adventitial  bursa 
(►  Fig.  8.22) 

MR  features  include  soft  tissue  regions  of  low  signal  onTI 
and  PDWI  at  tire  site  of  pain,  look  for  mixed  signal  on  FS 
T2WI  depending  on  fluid  content  lesion  may  be  III  defined 
but  may  be  mistaken  for  a true  mass.  Gadolinium-contrast 
(Gd-contrast)  enhancement  may  be  seen  due  to  the 
presence  of  fibrous  and  fatty  tissue  and  superimposed 
inflammation.  With  the  presence  of  a superimposed 
adventitial  bursa,  look  for  fluid  signal  centrally  within  thoe 
lesions,  well  seen  on  Gd-contrast  enhanced  Images. 

Pressure  lesions  are  seen  in  tire  subcutaneous  tissues  at  sites 
of  weight  bearing  or  physical  pressure  such  as  the  plantar 
subcutaneous  tissues  at  the  first  and  fifth  metatarsal  heads, 
retro-Achille5  region,  or  points  of  malleolar  prominence, 
lhey  often  demonstrate  ill-defined  signal  change,  which 
along  with  location  helps  distinguish  this  finding  from  a true 
mass  lesion.  They  are  composed  of  fat  and  fibrous  tissue 
with  intermixed  central  fluid  when  a bursa  is  present 

(continued  on  page  Z74) 

Fig.  8.21  (a)  Diabetic  patient  with  painless  midfoot  swelling  and  no  overlying  skin  ulcer.  Note  bone  fragmentation  and  destitution  at  die 
tarsometatarsal  joints  on  an  oblique  radiograph  of  the  foot  (b)  Extensive  abnormal  low  signal,  bone  fragmentation,  and  soft  tissue  swelling  are  seen 
on  axial  T1  - weighted  imaging  (T1WI)  corresponding  to  tii e X-ray  findings,  (c)  Additional  example  of  neuropathic  change  with  low  signal  in  the  midfoot 
bone  marrow,  areas  of  bone  destruction,  and  bone  fragmentation  (arrows)  on  sagittal  TlWt  Although  there  is  plantar  soft  tissue  thickening,  no  uker 
was  present 


Fig.  8.22  (a)  Patient  with  plantar  pain  at  tire  fifth  metatarsal  head.  Note  Intermediate  signal  Infiltrative  change  of  a pressure  lesion  (anew)  In  the 
plantar  subcutaneous  fatty  tissues  on  axial  pioton  density-weighted  Imaging  (PDWI).  (b)  Corresponding  edematous  changes  (arrow)  with  soft  tissue 
swelling  are  seen  on  axial  fat-suppressed  T2-weighted  imaging  (FS  T2WI).  (continued) 
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Fig.  8,22  (continued)  (c)  Two  adjacent  pressure  lesions  (arrows)  in  a different  patient  at  the  second  and  third  metatarsal  heads  on  axial  FS  T2WI.  (d)  In 
a more  advanced  case  of  a pressure  lesion  (arrow),  note  the  plantar  soft  tissue  enhancement  surrounding  a central  area  of  low  signal  fluid  representing 
development  of  an  adventitial  bursa  on  sagittal  gadolinium-contrast  (Gd-contrast)  enhanced  FS  T1  -weighted  imaging  (T1WI).  (e)  large  pressure  lesion 
(arrow)  along  tile  plantar  aspect  of  the  fiist  metatarsophalangeal  joint  demonstiating  uniform  low  to  intermediate  signal  on  sagittal  POWI.  (f)  Note 
corresponding  Gd-corrtrast  enhancement  on  axial  FS  T1  Wl,  with  a low  signal  nonenhandng  fluid  portion  (long  arrow)  Indicative  of  an  adventitial  bursa. 
A similar  lesion  Is  seen  at  the  second  metatarsal  (short  arrow),  (g)  A large  adventitial  bursa/medlal  malleolar  bursa  (white  arrow)  adjacent  to  the 
medial  malleolus  may  be  caused  by  friction  from  tight  boots.  High  signal  fluid  fills  the  bursa  on  coronal  FS  T2WI.  Adjacent  mild  medial  malleolus 
marrow  edema  and  surrounding  soft  tissue  edema  are  typical  of  this  entity. 
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Table  8.3  (Cont.)  Abnormalities/injuries  of  soft  tissues  and  ossicles  in  the  ankle  and  foot 


Abnormalities  MRI  findings 


Comments 


Morton  neuroma/inter- 
digital  neuroma 
(►  Fig.  8.23) 


Soft  tissue  signal  mass  consisting  of  perineural  fibrosis 
typically  seen  at  the  metatarsal  head  level  of  the  third 
intermetatarsal  space.  Lesions  are  typically  teardrop  shaped 
extending  between  the  metatarsals  into  the  plantar  fat  best 
seen  on  short  axis  images  of  the  foot.  Lesions  are  low  to 
intermediate  signal  on  T1WI  and  variable  signal  on  T2WI. 
Morton  neuroma  can  be  distinguished  from  the  more  dorsal 
intermetatarsal  bursitis,  which  will  be  fluid  signal  on  FS 
T2WI. 


Morton  neuroma  is  nota  true  neuroma  but  rather  the  result 
of  chronic  plantar  digital  nerve  entrapment  and  resultant 
perineural  fibrosis.  It  may  be  seen  in  association  with 
intermetatarsal  bursitis.  Differential  considerations  for  pain 
in  this  region  include  a true  nerve  sheath  tumor  or  foreign 
body  reaction.  This  entity  may  be  seen  as  an  incidental  MR 
finding  in  asymptomatic  patients. 


(continued  on  page  276) 


274 


The  Anlde  and  Foot 


Fig.  8-23  (a)  Teardrop-shaped  mass  (arrow)  plantar  to  the  third  and  fourth  metatarsal  heads  In  the  Interspace  on  axfal  T1 -weighted  Imaging  (T1  Wl). 
(b)  Corresponding  axial  fat-suppressed  T2-we1ghted  Imaging  (FS  T2WI)  demonstrates  Increased  signal  of  this  lesion,  (c)  A larger  example  of  a Morton 
neuroma  (arrow),  with  a teardrop  low  signal  lesion  in  the  third  interspace  at  the  level  of  the  thiid  and  fourth  metatarsal  heads  on  axial  T1  Wl.  (d)  Note 
Increased  signal  of  this  symptomatic  Morton  neuroma  (arrows)  on  axial  FS  T2WI  and  (e)  sagittal  FS  T2WI. 
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Table  8.3  (Cont.)  Abnonnalities/in juries  of  soft  tissues  and  ossicles  in  the  ankle  and  foot 


Abnormalities 


MRI  findings 


Comments 


Sesamoid 

abnormalities 


(►  Fig.  8.24) 


Normally,  a bipartite  medial  sesamoid  at  the  first  meta- 
tarsophalangeal (MTP)  joint  demonstrates  irregular  margins 
of  the  adjacent  fragments  with  normal  mairow  signal  on 
T1WI,  PDWI,  and  FS  T2WI.  Sesamoid  fracture,  more 
common  medially,  results  in  a well-defined  fracture  line  and 
marrow  edema  on  FS  T2WI.  Displacement  of  the  fragments 
may  be  seen.  Osteochondritis  followed  by  osteonecrosis 
more  typically  involves  the  lateral  sesamoid  and  may 
demonstrate  fragmentation  and  low  signal  on  T1WI  and 
intermediate  signal  (acute  or  subacute  phase)  to  low  signal 
(chronic  phase)  on  FS  12WI.  In  osteoarthritis  involving  the 
sesamoids  there  is  subchondral  sclerosis  and/or  geode 
fonnation  at  the  articulation  between  the  dorsal  margin  of 
the  sesamoid  and  adjaaent  plantar  articular  surface  of  the 
first  metatarsal  head. 


Sesamoid  abnormalities  include  a spectrum  of  abnonrialities: 
sesamoiditis,  osteochondritis/osteonecrosis,  acute  fracture, 
stress  fracture,  and  osteoarthritis.  Symptoms  of  pain  about 
the  plantar  sesamoids  are  often  described  as  a result  of 
overuse.  The  term  “sesamoiditis"  typically  refers  to  general 
symptoms  of  pain  about  the  first  MTP  joint  sesamoids. 
However,  it  has  also  been  more  narrowly  defined  as 
posttraumatic  sesamoid  chondromalacia  associated  with 
swelling  of  the  MTP  joint  Imaging  findings  often  demon- 
strate oveilap,  regardless  of  etiology. 


(continued  on  page  278) 
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Fig.  &24  (a)  Note  an  abnonnal  medial  sesamoid  (airow)  with  slightly  decreased  marrow  signal  on  axial  proton  density-weighted  Imaging  (PDWI).  (b) 
There  is  corresponding  Increased  signal  (arrow)  representing  marrow  edema  on  axial  fat-suppressed  T2 -weighted  Imaging  (F$  T2WI).  Changes  were 
eonsistent  with  prior  trauma  based  on  history,  (c)  In  a different  patient  with  a history  of  acute  pain  after  trauma,  a well-defined  low  signal  line  (arrow) 
separates  the  medial  sesamoid  fragments  on  sagittal  FS  T2WI.  Differential  therefore  favored  sesamoid  fracture  rather  than  sesamoldhls  Involving  a 
bipartite  sesamoid,  (d)  Differential  for  pain  at  die  first  metatarsophalangeal  joint  also  Includes  osteoarthritis  as  seen  In  this  case  with  a low  signal 
geode  in  the  plantar  aspect  of  the  fiist  metatarsal  head  (arrow).  Note  normal  marrow  signal  in  the  sesamoid  on  sagittal  FOWL  (e)  Osteonecrosis  more 
commonly  Involves  die  lateral  sesamoid.  Note  sderosis  of  die  lateral  sesamoid  (anow)  on  tills  sesamold'vfew  radiograph,  (f)  There  Is  corresponding 
markedly  low  signal  Involving  die  lateral  sesamoid  (airow)  on  axial  PDWI  and  (g)  on  axial  FST2WI  (arrowhead).  Also  note  marrow  edema  of  die  medial 
sesamoid  (white  arrow)  tiiought  to  be  postraumatic  (h)  In  a patient  with  known  gout,  note  extensive  intermediate  signal  tophus  and  synovitis  on 
sagittal  PDWI.  (1)  Note  Increased  signal  of  an  eroded  sesamoid  (arrow),  and  Gd-contrast  enhancement  of  die  surrounding  synovial  pannus  on  sagittal 
FS  Unweighted  Imaging. 
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Table  8.3  (Cont)  Abnormalldes/tajuries  of  soft  tissues  and  ossldes  In  the  anlde  and  foot 


Abnormalities 

MRI  findings 

Comments 

Turf  loe 
(►  Fig.  8.25) 

This  Injury  results  In  a plantar  capsular  ligament  sprain  at  the 
level  of  die  first  metatarsal  secondary  to  forced  dorsifiexion. 
Capsuloligamentoos  tears  are  seen  as  a defect  in  the 
normally  low  signal  capsule  on  sagittal  PDWI  and  FS  17W1. 
look  for  edema/fluid  within  die  gap,  potential  sesamoid 
subluxation,  and  surrounding  soft  tissue  injury. 

This  Injury  to  the  first  MTP  joint  was  first  described 
associated  widi  artificial  turf.  The  plantar  plate  serves  to 
stabilize  the  joint  and  includes  the  tendon  shaath  of  the 
fiexor  dlgltorum  longus  and  brevis  tendons.  Tears  of  die 
plantar  plate  may  also  be  seen  at  die  lesser  MTP  joints.  Note 
the  lade  of  stabilizing  sesamoids  at  the  lesser  MTP  joints. 

Fig.  8.25  (a)  Note  Indistinct  and  heterogeneous  capsulollgamentous  attachment  between  the  sesamoid  and  base  of  the  proximal  first  phalanx  (airow) 
consistent  with  a histoiy  of  prior  injuiy  on  sagittal  proton  density-weighted  imaging  (PDWI).  (b)  Coiresponding  fat-suppr»ed  T2-weighted  imaging 
(FS 17W1)  demonstrates  mild  edema  distal  to  the  sesamoid  at  the  capsulollgamentous  attachment  (arrow),  (c)  In  this  case  of  plantar  plate  rupture  at 
die  seoond  metatarsophalangeal  joint,  there  Is  widening  of  the  distance  between  the  plantar  plate  and  the  adjacent  proximal  phalanx  on  sagittal 
proton  density-weighted  imaging  (PDWI).  (d)  Corresponding  increased  signal  edema  (arrow)  is  seen  in  die  gap  on  sagittal  FS  TZW1.  (e)  A normal 
plantar  plate  for  comparison-note  the  close  approximation  between  die  plantar  plate  and  die  second  proximal  phalangeal  base  (arrow)  on  sagittal 
PDWI.  (f)  A more  severe  case  of  complete  plantar  plate  rupture  with  extensive  edema  about  die  tom  capsule  and  mild  medial  displacement  of  die 
flexor  tendons  (arrow)  seen  on  axial  FS  T7WI.  (g)  Corresponding  axial  PDWI  demonsdates  slight  dorsal  subluxation  of  the  phalanx  (anow)  due  to 
capsular  injuiy. 
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8.4  Osseous  Lesions  and  Trauma 
of  the  Ankle  and  Foot 

• Tarsal  coalition 

• Osteochondral  lesions  of  the  talar  dome 

• Avascular  necrosis  (AVN)/osteonecrosis 


• Freiberg  infraction 

• Metatarsal  stress  fracture 

• Lisfranc  ligament  injury 

• Navicular  fracture 

• Calcaneal  stress  fracture 

• Tibial  stress  reaction 


Table  8.4  Osseous  lesions  and  trauma  of  the  ankle  and  foot 


Abnormalities 


MRI  findings 


Comments 


Tarsal  coalition 
(►  Fig.  8.26) 


In  cases  of  suspected  osseous  talocalcaneal 
coalition  look  for  bony  continuation/synostosis 
at  the  level  of  the  middle  facet/ sustentaculum 
on  coronal  images.  Calcaneonavicular  bony 
coalition  will  be  seen  along  the  anterior  facet  on 
sagittal  images.  Fibrous  or  cartilaginous  coali- 
tions are  identified  by  articular  irregularity  and 
sclerosis  on  Tl-weighted  imaging  (T1WI)  and 
proton  density-weighted  imaging  (PDWI).  On 
fat-suppressed  T2-weighted  imaging  (FS  T2WI) 
subchondral  reactive  marrow  edema  is  often 
identified  and  associated  with  degenerative 
irregularity.  Radiographic  findings  such  as  a talar 
beak  may  be  associated  with  a •oalition. 


Calcaneonavicular  and  talocalcaneal  coalition 
are  most  common.  Talonavicular  coalition  is 
uncommon.  Coalition  types  include  bony, 
fibrous,  cartilaginous,  or  fibrocartilaginous. 
Coalitions  may  be  developmental  or  secondary 
due  to  prior  trauma  or  arthritis.  Patients 
typically  present  with  limited  subtalar  joint 
motion  and  pain.  Check  for  flatfoot  defonnity. 


(continued  on  page  282) 
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Fig.  8J6  (a)  Talocalcaneal  fibrocartilaginous  coalition  in  a pediatric  patient  with  narrowing  of  tile  middle  facet  of  tile  subtalar  Joint  Note  subchondral 
signal  changes  and  articular  irregularity  on  aoronal  proton  density-weighted  Imaging  (P0WI)  (arrow),  (b)  Corresponding  coronal  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  demonstrates  marrow  edema  of  the  sustentaculum  tali  and  adjacent  talus  at  the  middle  faaet  of  tire  subtalar  joiint 
(arrow),  (c)  More  advanced  case  of  a fibrocartilaginous  talocalcaneal  coalition  in  a sUeletaily  mature  patient  with  low  signal  bordering  tile  coalition  at 
die  subtalar  Joint  on  aoronal  PDWI  (arrow),  (d)  Note  corresponding  marrow  edema  (arrow)  on  aoronal  FS  T2WI.  No  bony  coalition  Is  seen,  (e)  Example 
of  a bony  talocalcaneal  ooalhlon  (arrow)  on  aoronal  aomputed  tomographic  Image. 
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Table  8.4  (Cont.)  Osseous  lesions  and  trauma  of  the  ankle  and  foot 


Abnormalities  MRI  findings 

Osteochondral  lesions  of  the  talar  dome  On  coronal  and  sagittal  T1WI  and  PDWI  look  for 

(►  Fig.  8.27)  low  signal  along  the  talar  dome  with  surround- 

ing edema  on  FS  T2WI.  Intact  cartilage, 
chondral  fissures,  or  flaps  may  be  seen  overlying 
the  lesion.  Marrow  edema  is  typically  larger 
than  the  lesion.  Look  for  fluid  surrounding  the 
lesion  on  FS  T2WI  as  a sign  of  an  unstable 
osteochondral  fragment.  In  more  severe  cases, 
fiagment  displacement  or  loose  bodies  will  be 
seen.  The  presence  of  joint  fluid  helps  identify 
loose  bodies. 


Comments 

Medial  talar  dome  osteochondral  lesions  are 
often  seen  posteromedially,  whereas  lateral  talar 
dome  lesions  are  typically  seen  anterolaterally. 
There  is  typically  a history  of  ankle  inversion 
injury  leading  to  impaction  injury.  Magnetic 
resonance  (MR)  is  useful  to  determine  the 
stability  of  osteochondral  lesions  and  to  detect 
early  lesions  not  visible  on  radiographs.  Lesion 
stability  is  presumed  if  no  increased  signal  is 
seen  deep  to  the  lesion.  Instability  is  presumed 
when  fluid  signal  material  or  subchondral  cyst 
formation  is  seen  separating  the  osteochondral 
fragment  from  the  adjacent  talar  dome.  In  more 
advanced  cases,  the  fi  agment  may  be  displaced 
or  become  necrotic. 

(continued  on  page  284) 
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Fig.  8*27  (a)  Small  osteodtondral  lesion  of  the  lateral  talar  dome  (arrow)  with  abnormal  curvilinear  low  signal  in  the  subchondral  bone  and  signal 
changes  of  die  overlying  cartilage  on  ooronal  proton  density-weighted  Imaging  (PDWI).  (b)  Corresponding  coronal  fat-suppressed  T2- weighted 
Imaging  (FS  T2WI),  demonstrates  Increased  signal  In  the  subchondral  bone  with  heterogeneous  signal  of  the  overlying  cartilage  (arrow),  (c)  A more 
pronounced  example  of  an  osteochondral  lesion  of  die  medial  talar  dome  (arrow)  with  a low  signal  osteochondral  fragment  on  coronal  PDWI.  (d)  Note 
increased  signal  granulation  tissue  surrounding  the  osteochondral  fragment  (arrow)  on  ooronal  FS  T2WI.  A healing  lateral  malleolus  fracture  is  noted, 
(e)  The  extent  of  die  osteochondral  lesion  Is  often  best  appreciated  on  sagittal  Images  as  on  sagittal  FS  T7WI.  (f ) Slight  displacement  of  die  fragment 
(arrow)  is  well  seen  on  axial  FS  T2WI. 
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TaNe  3.4  (Cant.)  Osseous  lesions  and  trauma  of  the  anlde  and  foot 


Abnormalities 

MRI  findings 

Comments 

Avascular  necrosis  (AVN)/osteoneaosls 
( Fig.  8.28) 

On  T1WI  and  POWI  a low  signal  seiplglnous 
sdeiotlc  line  surrounding  marrow  fat  Is  often 
seen  in  the  subchondral  bone  in  cases  of  AVN. 
findings  also  Include  focal  low  signal  zones  of 
otsteonecrosls.  On  F5 12WI  look  for  diffuse 
marrow  edema  surrounding  areas  of  low  signal 
osteonecrosis.  The  double  line  sign  on  T2WI  Is 
an  Increased  signal  Inner  rim  of  granulation 
tissue  surrounded  by  an  outer  rim  of  low  signal. 

AVN  Is  commonly  seen  In  the  talus  following 
talar  neck  fracture  or  dislocation  but  may  also 
be  seen  with  other  causes  including  diabetes 
and  steroid  use.  It  Is  Important  to  differentiate 
AVN  from  transient  bone  marrow  edema  where 
no  area  of  low  signal  necrosis  will  be  seen. 
Transient  bone  marrow  edema  will  resolve 
spontaneously.  Osteonecrosis  of  tire  talus  will 
involve  a larger  area  than  the  smaller  osteo- 
chondral lesion  of  tile  dome  described  above. 

Freiberg  Infiacb'on 
(►  Fig.  8-29) 

On  sagittal  and  coronal  T1WI  and  PDWI  low 
signal  osteonecrosis  is  demonstrated  by  sclero- 
sis typically  at  the  seaond  metatarsal  head.  This 
may  be  later  accompanied  by  flattening,  sub- 
chondral cystic  change,  and  fragmentation.  On 
PS  T2WI  marrow  edema  Is  appreciated.  There 
may  also  be  a curved  subchondral  line  of 
osteonecrosis. 

Freiberg  Infraction  Is  a form  of  osteonecrosis 
most  typically  seen  at  the  second,  but  also  tile 
third  or  fourth  metatarsal  head.  It  Is  usually 
Isolated  to  the  subchondral  region.  To  distin- 
guish this  entity  from  osteoarthritis,  look  for 
arthritic  changes  In  adjaeent  joints.  Lack  of 
erosion  helps  to  rule  out  Inflammatory 
arthropathy  and  gout. 

Metatarsal  stress  fracture 
(►  Fig.  8.30) 

When  assessing  for  radiographically  occult 
metatarsal  stress  fiactures,  the  key  finding  Is 
marrow  edema  on  FS  12WI.  In  more  advanced 
cases,  one  may  see  sunoundlng  soft  tissue 
edema,  periostitis,  and  an  early  low  signal 
fracture  line.  Subacute  cases  will  demonstrate 
periosteal  reaction  representing  healing.  On 

T1  Wl  and  PDWI  look  for  variable  decreased 
signal  of  the  normal  marrow  fat  and  low  signal 
periosteal  thickening  around  tire  fracture  site. 
The  base  of  tire  fifth  metatarsal  Is  a aommon 
location  for  a stress  fracture.  Findings  are  best 
seen  with  a long  axfs  view  of  the  symptomatic 
metatarsal. 

Stress  fi  actures  are  seen  Involving  normal  bone 
undergoing  abnormal  stresses,  such  as  march 
fiactures,  and  in  runners  and  dancers.  Fractures 
are  typically  perpendicular  to  the  Involved 
metatarsal.  The  role  of  MR  Is  to  diagnose  early 
stress  reaction  before  cortical  fracture  occurs. 
Periosteal  reaction  may  be  exuberant  and 
aggressive  In  apptf  ranee  with  heterogeneous 
marrow  edema  in  more  advanced  cases.  A 
similar  aggressive  appearance  may  be  seen  with 
recurrent  Injury  and  Incomplete  healing.  The 
clinical  history  is  helpful  in  excluding  neoplastic 
disease  or  infection  as  a cause  of  periosteal 
reaction. 

(continued  on  pp ge  286J 


Fig.  8.28  (a)  Bone  Infarcts  about  the  Included 
distal  femur  and  hlndfoot  In  a patient  with  sickle 
oell  bait.  Note  serpiginous  zones  of  low  signal 
(arrow)  on  sagittal  proton  density- weighted 
Imaging  (PDWI)  adjaeent  to  zones  of  normal 
signal  marrow,  (b)  The  double-line  sign  is  seen 
with  curved  adjacent  zones  of  low  and  high 
signal  on  sagittal  fat-suppressed  12-welghted 
imaging  (F5 12 Wl)  (arrow).  This  oecurs  at  the 
border  of  bone  resorption  and  healing. 
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Fig.  8.29  (a)  Subchondral  low  signal  in  die  second  metatarsal  head  (arrow)  on  eoronal  proton  density-weighted  imaging  (PDWI).  (b)  Note  die 
corresponding  marrow  edema  and  slight  subchondral  flattening  of  die  second  metatarsal  head  (arrow)  on  coronal  fat-suppreaed  T2-weighted 
imaging,  (c)  Subchondral  luaency  and  sclerosis  of  die  metatarsal  head  are  seen  on  the  corresponding  anteroposterior  radiograph. 


Fig.  8*30  (a)  A nondisplaeed  seeond  metatarsal  stress  fracture  demonstrating  low  signal  across  die  proximal  shaft  and  low  signal  periostitis  (arrow)  on 
sagittal  proton  density-weighted  imaging  (PDWI).  (b)  Note  extensive  marrow  edema  and  surrounding  soft  tissue  edema  (arrow)  on  corresponding 
sagittal  fat-suppressed  T2-we§ghted  Imaging  (F$  T2WI).  (c)  Shoit  axis  Images  tiirough  the  fiactiire  show  a thickened  cortex  with  periosteal  reaction 
(arrow)  and  soft  tissue  edema  on  axial  FS  TOM.  (d)  Extent  of  die  periosteal  reaction  (arrow)  and  soft  tissue  edema  is  well  seen  on  coronal  F5  T2WI. 
Note  the  intact  Lisfranc  ligament  (arrowhead)  coursing  obliquely  between  die  second  metatarsal  base  and  medial  cuneifonn.  (e)  In  a different  patient 
with  a seaond  metatarsal  neck  sbess  fracture  note  high  signal  fi  acture  line  peipendlcular  to  the  metatarsal  (arrow)  on  sagittal  FS  TZWI.  Note  extensive 
surrounding  edema. 
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Table  84  (Cont)  Osseous  lesions  and  trauma  of  the  ankle  and  foot 


Abnormalities  MRJ  findings 

Comments 

Llsfranc  ligament  Injury  Normally  the  low  signal  Lisfranc  ligament 

(►  Fig.  831)  extends  obliquely  from  die  medial  cuneiform  to 

the  second  metatarsal  base.  With  a sprain,  look 
for  increased  signal  within  die  ligament  on 
ooronal  (long  axis  to  metatarsals)  POWI  of  die 
foot,  and  surrounding  high  signal  edema  on 
ooronal  FS  T2WI.  Look  for  a fiake/avulslon 
fracture  from  the  lateral  tip  of  die  medial 
cuneiform  on  axial  or  coronal  T1  Wl  or  POWI. 
Tills  Indicates  disruption  of  the  Llsfranc  liga- 
ment. which  may  be  aooompanled  by  widening 
of  die  first  to  seeond  intern wtatarsal  distanoe. 
Assess  the  metatarsal  bases  and  cuneiforms  for 
asftxMed  bone  bruises  and  fractures  as  a sign 
of  lisfranc  fradture/dislocab'on. 

A Lisfranc  ligament  sprain  may  occur  wltiiout 
displacement  of  the  tarsometatarsal  joints. 

Check  for  alignment  of  the  medial  margins  of 
die  medial  cuneiform  and  second  metatarsal 
base.  Note  thatthe  Lisfranc  ligaments  consist  of 
a tiiinner  dorsal  component  extending  obliquely 
between  die  medial  cuneiform  and  die  seaond 
metatarsal,  and  a thicker  plantar  aomponent 
extending  from  die  medial  cuneiform  to  die 
medial  seaond  metatarsal  as  well  as  In  between 
die  second  and  tiiiid  metatarsal.  These  may  be 
seen  as  separate  ligaments  on  eononal  images. 
Note  that  wftii  a greater  degree  of  Injury, 
llsfranc  fracture  dislocation  may  be  seen. 

Injuries  may  be  homolateral  with  all  metatarsals 
displaced  laterally,  or  divergent  with  medial 
displacement  of  the  first  metatarsal. 

(continued  on  page  288) 


Fig.  8.31  (a)  In  a patient  with  recent  trauma,  an  intact  Llsfranc  ligament  (arrow)  is  seen  between  the  medial  cuneiform  and  seaond  metatarsal  base  on 
coronal  fat-suppressed  T2 -weighted  imaging  (FS  T2WI).  (b)  On  a eontiguous  image,  postbaumatk  marrow  edema  is  seen  involving  die  intermediate 
(airow)  and  medial  cuneiforms  on  ooronal  FS  TZWI.  (c)  A tom  Llsfranc  ligament  on  coronal  proton  density-weighted  Imaging  (POWI)  (arrow).  Note 
lack  of  die  normal  ligament  between  die  second  metatarsal  base  and  medial  cuneiform,  (continued) 
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Fig.  831  (continued)  (d)  Corresponding  coronal  FS  T2WI  reveals  the  disrupted  lisfranc  ligament  (arrow)  and  extensive  marrow  edema  due  tefracbine 
of  the  second  and  thlid  metatarsal  bases.  Tarsal-metatarsal  alignment  Is,  hotrever,  maintained,  (e)  Subtle  fractures  of  the  metatarsal  bases  and  the 
extent  of  soft  tissue  injury  to  the  tarsalmetatarsal  joints  are  also  seen  on  corresponding  axial  FS  T2WI.  (f)  Case  of  homolateral  Lisfranc  fracture- 
dislocation  with  lateral  displacement  oF  the  first  through  frfth  metatarsals  on  a posteroanterior  foot  radiograph,  (g)  lateral  offset  of  the  first  lo  third 
metatarsals  relative  to  the  cuneiforms  and  tiny  avulsion  fracture  fr  agments  including  one  related  to  the  tom  Lisfranc  ligament  (arrow)  are  seen  on  the 
coronal  computed  tomographic  image. 
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Table  8.4  (Cont)  Osseous  lesions  and  trauma  of  the  anlde  and  foot 

Abnormalities 

MRI  findings 

Comments 

Navicular  fracture 
(►  Fig.  832) 

To  Image  suspected  fractures  of  the  navicular 
and  other  tarsal  bones  use  short-  and  long-axis 
FS  12WI  images  to  identify  marrow  edema,  and 
use  T1WI  or  PDWI  to  assex  for  low  signal 
fracbine  lines.  Fracture  lines  may  be  obscured  on 
sagittal  images  because  tile  fracture  line  may 
parallel  the  plane  of  Image  acquisition.  Distin- 
guish the  manow  edema  of  a simple  bone 
bruise  seen  on  fluid-sensitive  sequences  from 
that  of  a aortical  fracture  by  Identifying  a low 
signal  fracture  line  on  T1WI  or  PDWI. 

The  tarsal  navicular  Is  susceptible  to  osteonec- 
rosis following  occult  fracture.  The  central 
portion  of  the  navicular  has  relatively  decreased 
vascularity  and  Is  a common  site  of  sties* 
fracture.  This  may  lead  to  delayed  or  nonunion  if 
notdiagnosed  and  treated.  Navicular  fracture 
are  usually  seen  In  jumping  or  running  athletes 
with  nonspecific  midfoot  and  ardi  pain  made 
worse  with  activity. 

(continued  on  page  290) 


Fig.  8.32  (a)  Eaily  sties*  fractures  are  often  difficult  to  detect  on  T1 -weighted  Imaging  or  proton  density-weighted  Imaging  (PDWI)  as  demonstrated 
on  tiib  sagittal  PDWI  with  only  subtle  decreased  marrow  signal  in  the  navicular,  (b)  The  corresponding  sagittal  F5  T2WI  and  (c)  coronal  fat-suppressed 
r2  weighted  imaging  (FS  T2WI)  demonstrate  extensive  marrow  edema  of  the  navicular  (arrows)  with  a suspected  low  signal  aortical  fracture  on  the 
sagittal  image,  (continued) 
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Fig.  832  (axitkuted)  (d)  An  example  of  a navicular  fracture  (arrow)  with  a well-defined  fracture  line  on  coronal  PDWI.  (e)  The  aorrespondlng  coronal 
FS  T2WI  demonstrates  high  signal  fluld/granulatlon  tissue  at  the  fracture  line  (arrow)  and  surrounding  marrow  edema,  (f)  Comparison  axial  PDWI  and 
(g)  axial  FS  T7WI  demonstrate  dorsal  separation  of  die  fracture  fragments  (arrows)  not  appreciated  on  other  planes. 
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Table  84  (Cont)  Osseous  lesions  and  trauma  of  the  ankle  and  foot 


Abnormalities 

MRJ  findings 

Comment! 

Calcaneal  stress  fracture 
( Fig.  8.33) 

in  patients  wftii  a cakaneal  stress  fracture  a 
curvilinear  band  of  low  signal  on  sagittal  PDWI 
will  be  surrounded  by  marrow  edema  on  FS 
T2WI.  Similar  findings  may  also  be  seen  In  other 
planes.  Distinguish  a stress  fracture  from 
osteomyelitis  by  history,  and  tile  absence  of  an 
adjacent  soft  tissue  ulaer. 

Cakaneal  stress  fractures  are  seen  In  walker* 
and  runners.  Radiographs  are  often  diagnostic, 
but  magnetic  resonante  imaging  (MRI)  is  of  use 
with  negative  radiographs.  Pain  Is  noted  poste- 
riorly. Diabetic  insufficiency  fractures  may  be 
seen  with  involvement  of  the  superior  cortex. 

Tibial  sbess  reaction 
(►  Rg.  834) 

The  earliest  MR  findings  in  sbess  reaction  are 
mild  marrow  edema  and  subperiosteal  edema/ 
periosteal  reaction  seen  on  FS  72WI  or  shoit  Tl 
inversion  recovery  (STIR).  In  our  experience, 
marrow  signal  higher  than  that  of  surrounding 
muscle  on  FS  72WI  is  considered  abnormal  and 
is  indicative  of  marrow  edema.  Higher  grades  of 
stress  Injury  result  In  signal  abnormalities  on 
both  T7  and  flluld-sensitive  sequences  with 
subsequent  visualization  of  a low  signal  fracture 
line  perpendicular  to  the  cortex.  Shin  splint, 
the  earliest  form  of  strap-related  change,  will 
demonsbate  edema  along  the  posteromedial 
tibial  cortex  on  FS  72WI.  This  is  well  seen  on 
axial  or  sagittal  Images. 

Tibial  stress  fracbjre  is  the  most  commonly  seen 
lower  extremity  sbesc  fracture.  AltJiough  stress 
fr  actures  In  athletes  (abnormal  sbesc  on  normal 
bone)  commonly  occur  in  the  mid-  to  proximal 
shaft  of  tiie  tibia,  insufficiency  fractiires  (normal 
sb  ess  on  abnormal  bone)  are  seen  more  dlstally. 
The  role  of  imaging  is  to  identify  early  sb  ess- 
related  changes  prior  to  cortical  fracture.  This 
provides  for  faster  recovery  and  return  to 
activity. 

b 


Fig.  8*33  (a)  Calcaneal  insufficiency  fracture  with 
several  low  signal  fracture  lines  (arrows)  within 
the  cakaneus  on  sagittal  proton  density- 
weighted  imaging  (PDWI).  (b)  Note  extensive 
high  signal  marrow  edema  with  low  signal 
fracture  lines  (arrows)  demonstrated  on  sagittal 
fat-suppressed  T2-weighted  imaging  (FS  T2WI). 
(c)  Comparison  coronal  PDWI  better  demon- 
strates die  fracture  lines,  (d)  Note  extension  of 
the  fracture  lines  (arrow)  Into  the  subtalar  Joint 
on  coronal  FS  T2WI. 
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Fig.  8.34  (a)  Early  stress  reaction  of  the  mid  tibia 
with  periosteal  reaction  (arrow)  on  axiai  Tl- 
welghted  Imaging,  (b)  Corresponding  fat- 
suppressed  T2-welghted  imaging  (FS  T7WI) 
demonstrates  marrow  edema,  periosteal 
reaction,  and  soft  tissue  edema  along  the 
anterior,  medial,  and  posterior  tfblal  shaft,  (c) 
Sagittal  FS  T7WI  demonstrates  the  extent  of 
periosteal  reaction  and  marrow  edema  (arrows), 
(d)  Corresponding  sagittal  proton  density- 
weighted  imaging  demonstrates  the  lack  of  a 
cortical  fracture. 


8.4.1  Osseous  Lesions  and  Trauma  of 
the  Ankle  and  Foot  Suggested  Reading 

|1|  Davis  KW.  Imaging  pediaOk  sports  injuries:  lower  extremity.  Radiol  Gin 
North  Am2010;  48: 1213-1235 

|2]  Forney  M,SubhasN,Dnnky  8,  WlnaisldCS  MR  Imaging  of  the  articular  carti- 
lage of  the  knee  and  ankle.  Magn  Rom  (magyg  din  N Am  2011;  19:  379- 
405 

[3]  Kalia  V,  ftahman  EK.  Canine  JA.  fcyad  LM>  Epidemiology,  Imaging,  and  treat- 
ment of  (isfranc  fracture-dislocations  revisited.  Skeletal  Radiol  2012;  41: 
129-136 

|4]  linklatErJM.  imaging  of  talar  dome  chondral  and  osteochondral  lesksos.  "ftp 
MagnReson  Imaging  2010;21: 3-13 

[5]  Patel  CV.  The  foot  and  ankle:  MR  Imaging  of  uniquely  pediatric  disorders. 
MagnReson  Imaging  CHnN  Am  2009;  17: 539-547 

|6|  Rios  AM.  Rosenberg  ZS.  flencawlinn  JT,  Rodrigo  SP,  Tberan  SG.  Bone  marrow 
edema  patterns  in  the  ankle  and  hlndfhoc  distinguishing  MRI  features.  Apt 
AmJ  Roem^nnl  2011;  197:  W7204V729 
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Saunders;  2008:690-712 
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[3]  Ourand  Dj  Canton  JA,  Sharby  MW.  Moshfrfar  A,  Campbell  Jr.  Hie  foot  and 
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Ihleme;  2010;202-Z28 
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skeletal  System.  Philadelphia.  PA:  Saunders;  2008:790-810 
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9 Magnetic  Resonance  Imaging  of  Bone  and  Soft  Tissue 
Tumors  and  Tumor-Like  Lesions:  An  Overview 


ifevenfi  Meyers 

9.1  Classification  of  Bone  Tumors 
and  Tumors  Involving 
Musculoskeletal  Soft  Tissues 

The  classification  of  bone  and  soft  tissue  neoplasms  bas  evolved 
with  the  combined  and  coordinated  use  of  clinical,  imaging, 
macroscopic,  histological,  immunohistochemical  cytogenetic, 
and  molecular  genetic  information*110  The  classification 
scheme  on  which  this  book  is  based  is  from  the  World  Health 


Table  9.1  The  World  Health  Organization  Classification  of  bone 
tumors 


Type  of  tumor 

(ICD-0  CODE)* 

Cartilage  tumors 

OSteodtondroma 

9210/0 

Chondroma 

« 9220/0 

• Endrondrama 

. 9220/0 

• Periosteal  diondroma 

« 9221/0 

• Multiple  chondromatosis 

« 9220/1 

Chondroblastoma 

9230/0 

Oiondromyxold  fibroma 

9241/0 

Chondrosarcoma 

9220/3 

• Central,  primary,  and  secondary 

« 9220/3 

• Peripheral 

« 9221/3 

• Dedifferentiated 

• 92  3/3 

• Mesenchymal 

« 92  0/3 

• Ctor  cell 

« 9242/3 

Osteogenic  tumors 

Osteoid  osteoma 

9191/0 

Osteoblastoma 

9200/0 

Osteosarcoma 

9180/3 

• Conventional 

• 9180/3 

° Chondroblastic 

° 9181/3 

° Fibroblastic 

° 9182/3 

o Osteoblastic 

o 9180/3 

Telangiectatic 

9183/3 

Small  cell 

9185/3 

low  grade  centeal 

9187/3 

Secondaiy 

9180/3 

Parosteal 

9192/3 

Periosteal 

9193/3 

High  grade  surface 

9194/3 

Fibrogenic  tumors 

Desmoplastic  fibroma 

8823/0 

Fibrosarcoma 

8810/3 

Flbrohlstiocytic  Tumors 

Benign  fibrous  histiocytoma 

8830/0 

Malignant  fibrous  histiocytoma 

8830/3 

Ewing  Sarcoma/Prlmltlve 

Neuroectodermal  Tumor 

Ewing  sarcoma 

9260/3 

Organization  (WHO),  which  itself  was  derived  from  an  Editorial 
and  Consensus  Conference  of  the  International  Acadenjy  of 
Pathology  in  Lyon,  France,  in  April  2002.  The  WHO  Gassifkation 
of  bone  tumors  is  listed  in  ► Table  9.1.  The  WHO  Classification  of 
soft  tissue  tumors  is  listed  in  ► Table  92.  These  classifications 
incorporate  immunohistochemical  reactivity  profiles  to  distin- 
guish between  lesions  that  have  overlapping  morphological  fea- 
tures or  have  uncertain  histogenesis.7*811  In  addition,  the  new 
WHO  Qassiflmticm  qf  Ttunours  of  Soft  Tbsue  and  Bone  also  uses 
data  from  cytogenetic  and  molecular  genetic  analyses.*"6'9*1^1213 


Table  9.1  (Cont.)  The  World  Health  Oganization  Classification  of  bone 
tumors 

Type  of  tumor 

(CD-0  •OOE)’ 

Hematopoietic  Ibmors 

Plasma  cell  myeloma 

9732/3 

Malignant  lymphoma,  NOS 

9590/3 

Giant  cell  tumor 

Giant  cell  tumor 

9250/1 

Malignancy  In  giant  cell  tumor 

9250/3 

Notochordal  to  mors 

Chordoma 

9370/3 

Vascular  tumor* 

Haemangioma 

9120/0 

Angiosarcoma 

9120/3 

Smooth  musde  tumors 

telomyoma 

8890/0 

leiomyosarcoma 

8890/3 

Upogenlc  tumor* 

Lipoma 

8850/0 

Uposancoma 

8850/3 

Neural  tumor* 

Neurilemmoma 

9560/0 

Miscellaneous  tumors 


Adamantinoma  9261/3 

Metastatic  malignancy 

Miscellaneous  lesions 

Aneurysmal  bone  cyst 

Simple  cyst 

Fibrous  dysplasia 

Osteoflbrous  dysplasia 

langerhans  cell  histiocytosis  9751/1 

Eidhelm-Chester  disease 

Chest  wall  hamartoma 

Joint  lesions 

Synovial  chondromatosis  9220/0 

’Morphology  eodes  of  die  International  Classification  of  Diseases  for 
Ontology  (ICD-O)  and  the  Systematized  Nomenclature  of  Medidne 
(http://snomed.org).  Behavior  Is  ooded  / 0 for  benign  tumors;  /I  for 
unspecified,  boiderllne,  or  uneertaln  behavior;  /2  for  In  situ  carcinomas 
and  grade  III  intreepitiielial  neoplasia;  and  /3  for  malignant  tumor*. 
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Table  9.2  The  World  Health  Organization  Oasslfkation  of  soft  tissue 
tumors 


Lipoma  8850/0 

i(f><V7Wfask  8850/0 

lyTomofasis  of  nerve  8850/0 

8881/0 

Angiaiipomc  8861/0 

Myolipoma  8890/0 

(7>ond^ //porno  8862/0 

Cxtrarenai  ongiomyoHporno  8860/0 

fxtm-adrenol  myelokpomo  8870/0 


Spindle  ceM 

• Pleomorphic  lipoma 

8857/0 

8854/0 

Hibernoma 

8880/0 

kitermedate  (locally  agp^ssh/e) 

Atypical  ffpamctm*  tumor/ web  dif- 
ferentiated tlposarcoma 

8851/3 

Malignant 

Dedifferentiated  ilposarooma 

8858/3 

Myxoid  fiposanjoma 

8852/3 

found  cell  kposarcoma 

8853/3 

Pkomorphk  lipasa/wma 

8854/3 

Mixed-type  HposarconKt 

8855/3 

Uposanuma,  not  oth&wlse  aped* 
fled 

8850/3 

FlroMasticfmyoflbnDblastJc 

tumors 

Benign 

Nodbbr  foxtttie 

PfoUfemtive  fdsditss 

Proliferative  myositis 

Myositis  ossificans 
• Rbro-osseous  pseudotumor  of 
digits 

tschemk  foxHtie 

Ekstofibmm 

8820/0 

Fibrous  hamartoma  of  infancy 

Myofibnxnafmyoflbmcmtosk 

8824/0 

Fibromatosis  cold 

juvenile  hyaline  fibromatosis 

Inclusion  body  fibromatosis 

fibroma  of  tendon  sheath 

8810/0 

Oesrruphstk  ftbtobkstorm 

8810/0 

MommaryJype  myofibmbhstnmo 

8825/0 

Calcifying  oponeurotic  fibromo 

8810/0 

Angtomyofibrabktstoma  8826/0 

CeHubr  ongiofltioma 

9160/0 

Nudiaf-type  fibroma 

8810/0 

Gardner  fibroma 

8810/0 

Calcifying  fibrous  tumor 

Giant  ceb  angbfibmmo 

9160/0 

Table  9.2  (Cent.)  The  World  Health  Organization  Classification  of  soft 


tissue  tumors 

Type  of  tumor 

(ICD-0  OKIE) 

Intel-mediate  (llocally  aggressive) 

SuperfiM  fibromatoses  (palmar/ 
plantar) 

Desmoid-type  fibromatoses 

8821/1 

Opofibromatosis 

Intermediate  (rarely 
metastasizing) 

So/ffcwy  fibrous  tumor 
• and  hemangiopericytoma 
([including  llpomatous  heman- 
giopericytoma) 

8815/1 

9150/1 

Inflammatory  myofibrvbbstk 
tumor 

8825/1 

Low  grade  myopbmblastjc  sarcoma 

8825/3 

Myxotoflommatorypbmbkxticsar- 

coma 

8811/3 

Infantile  fibrosarcoma 

8814/3 

Malignant 

Adult  flbrosarwmo 

8810/3 

Myxofibrosarcoma 

8811/3 

Low  grade  fibromyxoid  sarwmo 

8811/3 

Hyatinihfrg  spindle  cell  tumor 

Sderosing  epitbeboid  fibrosarcoma 

8810/3 

So-called  flbrohlstiocytic  tumors 

Benign 

Gkmt  cell  tumor  of  tendon  sheath 

9252/0 

Qtffvs^  type  giant  cek  tumor 

9251/0 

Deep  benign  fibrous  histiocytoma 

8830/0 

Intermediate  (rarely 
metastasizing) 

Ptextform  fibrohistiocytk  tumor 

8835/1 

Gkmt  cell  tumor  of  soft  tissues 

9251/1 

Malignant 

F&vrncrphk:  ‘MFH^ndLffemrtiaSsd  8830/3 
pleomorphic  sarcoma 

Gkrat  cell  “mf/undiffernMed  8830/3 

pleomorphic  sorvomo  with  giant 

a*ll$ 

Inflammatory  "MfTT/  8830/3 

undUfferwrtkjtBd  pknrn&phk  sar- 
coma with  prominent  Inflammation 


Smooth  muscle  tumors 


Angioleiomyoma 

8894/0 

Deep  leiomyoma 

8890/0 

Genital  leiomyoma 

8890/0 

Leiomyosareoma  (excluding  skin) 

8890/3 

Peticytk  (perivascular)  tumors 

Glomus  tumor  (and  variants) 

8711/0 

■ Malignant  glomus  tumor 

8711/3 

Myopertcytnma 

8713/1 

Skeletal  muscle  tumors 

Benign 

Rhabdomyoma 

8900/0 

• Adult  type 

8904/0 
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Table  9.2  (Cont.)  The  World  Health  Organization  Oasslflotion  of  soft 
tissue  tumors 


Type  of  tumor 

(ICD-0  CODE) 

• Fetal  type 

8903/0 

• Genital  type 

8905/0 

Malignant 

Embryonal  rhabdomyosarcoma 

8910/3 

(Including  spindle  cell, 

8912/3 

bdtryoid  onopkbtrc) 

8910/3 

Alveolar  rhabdomyosarcoma 

8920/3 

(including  solid,  anaplastic) 

Pleomorphic  rhobdom^sarwmo 

8901/3 

Vascular  tumors 

Benkpi 

Hemangiomas  of 

• subcut/ deep  soft  tissue 

9120/0 

■ capillary 

9131/0 

• cavernous 

9121/0 

• arteriovenous 

9123/0 

■ venous 

9122/0 

• Intramuscular 

9132/0 

■ synovial 

9120/0 

EpitheHok)  hemangioma 

9125/0 

Angiomatosis 

lymphangioma 

9170/0 

Intermediate  (llocally  aggressive) 

Kdpostform  hemangioendothelioma 

9130/1 

Intermediate  (rarely 

metastasizing) 

ftetiform  hemangioendothelioma 

9135/1 

PapHhry  Jntrafymphatfc  angfoendo- 

9135/1 

theHomo 

Composite  hemangfaendathellamo 

9130/1 

Kaposi  soanmo 

9140/3 

Malignant 

Epithelioid  hemangi  oendothelkxno 

9133/3 

Angiosarcoma  of  soft  tissue 

9120/3 

Chondro-osseous  tumors 

Soft  tissue  chondroma 

9220/0 

Mesenchymal  chondrosarcoma 

9240/3 

Extrashdetal  osteosarcoma 

9180/3 

Table  9.2  (Cont.)  Ilie  Worild  Health  Organization  Classification  of  soft 
tissue  tumors 


Type  of  tumor 

(ICD-0  CODE) 

Tumors  of  uneertali 
differentiation 

Benign 

tntjzwnuscufor  myxoma  (includiog 
anNubr  variant) 

8840/0 

Juxtn-ortkvfor  myxoma 

8840/0 

Deep  (oggnsslve)  angiomymma 

8841/0 

Ptojmarphic  hyolinizing  ongiectvtk 
tumor 

Ectopic  hamartomatous  thymoma 

8587/0 

Intermediate  (rarely 
metastasizing) 

Anghmatoid  fibrous  htsttocytumo 

8836/1 

Ossifying  flbmmyxold  tumor 
(Including  at/pkol/mollgnant) 

8842/0 

Mixed  tumor 
■ Myoepithelioma 
• Parachordoma 

8940/1 

8982/1 

9373/1 

Malignant 

Synovial  sarcoma 

9040/3 

EpttheHoki  sarcoma 

8804/3 

Atveobr  soft  port  sarcoma 

9581/3 

Oeor  celt  sarwmo  of  soft  tissue 

9044/3 

ExtnMekri  mymfd  chondnstr- 
como  (chordofd  type) 

9231/3 

PNET/extuskdetol  Ewing  tumor 

■ pPNEr 

• Extraskeletal  Ewing  tumor 

9364/3 

9260/3 

Dsmoptotic  smalt  round  cell 
tumor 

8806/3 

Extramnal  rhabdoid  tumor 

8963/3 

Malignant  mesenchymoma 

8990/3 

Neoplasms  vdth  pohrssoihr 
epHheUvid 

• Cell  differentiation  (PEComa) 

• Clear  eell  myomelanocytic 
tumor 

hrtfrnol  sortomo 

8800/3 

9.2  Frequency  of  Occurrence  of 
Bone  Tumors 

Bone  neoplasms  can  be  primary  lesions  arising  from  osseous 
structures  or  secondary  to  metastatic  disease.  Metastatic 
carcinoma  is  the  most  frequent  malignant  tumor  involving 
bone.14~16  In  adults,  metastatic  lesions  to  bone  occur  most  fre- 
quently from  carcinomas  of  the  King,  breast,  prostate,  kidney,  and 
thyroid,  as  well  as  from  sarcomas.14-16  The  exact  incidence  of 
metastatic  skeletal  disease  is  unknown.16  Up  to  50%  of  patients 
who  die  from  disseminated  carcinoma  have  evidence  of  skeletal 
metastases  at  autopsy.16  Approximately  245.000  patients  die  in 
the  United  States  each  year  from  carcinoma  of  the  lung,  breast, 
prostate,  kidney,  and  thyroid.17  Using  these  data,  up  to  123.000 


oncology  patients  who  die  each  year  may  have  metastatic  skeletal 
disease.  Metastatic  skeletal  disease  has  also  been  reported  to 
occur  in  approximately  30%  of  all  cancer  cases.14,15  Thirty  percent 
of  the  1,638,910  annual  new  cancer  cases  in  the  United  States17  is 
491,673.  In  comparison,  only  2390  primary  malignant  bone 
tumors  occur  in  the  United  States  per  year.17  Metastatic  lesions 
may  therefore  occur  from  43  to  170  times  more  frequently  than 
primary  malignant  bone  tumors. 

Primary  bone  sarcomas  represent  only  0.2%  of  all  neoplasms  4 
Hie  incidence  of  primary  bone  sarcomas  bas  been  reported  to 
be  approximately  8 per  million.4  Primary  bone  sarcomas  occur 
10  times  less  frequently  than  sarcomas  in  the  soft  tissues  4 Hie 
most  frequent  type  of  primary  bone  sarcoma  is  osteosannma 
followed  by  chondiosarcscna  and  Ewing  sarcoma.4  Bone 
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Table  9.3  Primary  malignant  bone  tumors 


Tumors 

Mayo  Clinic  % 

NCBT  % malignant 

Mayo  % total 

NCBT  % total 

Age  range 

malignant 

(N- 3,355) 

(N- 9,973) 

(N-5,133) 

(veal's),  median 

(N=7,0B6) 

Myeloma 

15 

2 

11 

1 

16-80.  60 

Osteosarcoma 

29 

34 

21 

22 

2-92. 16-39 

Chondrosarcoma 

20 

21 

15 

14 

7-91,  26-59 

Lymphoma 

13 

3 

9 

2 

18-69 

Ewing  sarcoma 

9 

11 

6 

7 

6-30,  14 

Chordoma 

6 

2 

4 

T 

30-80,  58 

Fibrosarcoma 

4 

5 

3 

4 

10-75, 43 

Malignant  fibrous  histiocytoma 

1 

5 

<1 

3 

11-80, 48 

Giant  cell  tumor 

<1 

2 

<1 

1 

10-55,  30 

Angiosarcoma 

2 

1 

1 

<1 

10-80,  51 

Hemangioendothelioma 

<1 

<1 

<1 

<1 

15-60,  34 

Adamantinoma 

<1 

<1 

<1 

<1 

10-60,  25 

Hemangiopericytoma 

<1 

<1 

<1 

<1 

1-90,40 

Liposarcoma 

<1 

<1 

<1 

<1 

Not  reported 

Synovial  sarcoma 

2 

1 

5-60,  25 

Paget  sarcoma 

1 

<1 

50-80,  66 

Data  from: 

Mayo  Clinic: 

1.  Unni  KK,  Inwards  CY.  Introduction  and  scope  of  study.  In:  Dahlin’s  Bone  Tumors  General  Aspects  and  Data  in  10,165  Cases.  6th  ed.  Wolters  Kluwer/ 
Lippincott-Raven;  2010:1-8. 

Netherlands  Committee  on  Bone  Tumors  (NCBT): 

2.  Mulder  JD,  Schutte  HE,  Kroon  HM,  Taconls  WK.  Introduction,  in:  Radiologic  Atlas  of  Bone  Tumors.  Elsevier;  1993:3-6. 

3.  Mulder  JD,  Schutte  HE,  Kroon  HM,  Taconis  WK.  The  diagnosis  of  bone  tumors.  In:  Radiologic  Atlas  of  Bone  Tumors.  Elsevier;  1993:9-46. 


sarcomas  have  a bimodal  incidence  rate  with  one  peak  occur- 
ring in  the  second  decade  (osteosarcoma,  chondrosarcoma)  and 
the  other  in  patients  over  60  years  (chordoma,  chondrosar- 
coma, osteosarcoma).4  The  relative  frequencies  of  primary 
malignant  bone  tumors  and  primary  nonmalignant  bone 


tumors  are  listed  in  ► Table  93  and  ► Table  9.4,  respectively.18'19 
The  relative  frequencies  of  tumor-like  bone  lesions  are  listed  in 
► Table  9.5.18,19  Other  lesions  or  abnormalities  involving  bone 
are  listed  below.  The  imaging  features  of  some  of  these  abnor- 
malities may  overlap  those  of  bone  tumors. 


Table  9.4  Primary  nonmalignant  bone  tumors 

Tumors 

Mayo  Clinic  X 
benign  tumors 

NCBT  % benign 
tumors 

Mayo  Clinic  % total 
tumors 

NCBT  % total 
tumors 

Age  range  (years), 
median  age 

Osteochondroma 

31 

14 

9 

5 

1-50,  20 

Giant  cell  tumor 

24 

22 

7 

8 

10-55,  30 

Enchondroma 

15 

17 

4 

6 

3-83,  35 

Osteoid  osteoma 

14 

11 

4 

4 

6-30,  17 

Chondroblastoma 

5 

9 

1 

3 

10-30,  17 

Hemangioma 

5 

2 

1 

<1 

1-84,  33 

Osteoblastoma 

4 

6 

1 

2 

1-30,  15 

Juxtacortical  chondroma 

2 

5 

<1 

2 

4-77,  26 

Chondromyxoid  fibroma 

2 

4 

<1 

1 

1-40,  17 

Neurilemoma 

<1 

1 

<1 

<1 

2-65,  30 

Hbrous  histiocytoma 

<1 

<1 

Lipoma 

<1 

<1 

<1 

<1 

Hamartoma 

<1 

<1 

Osteoma 

<1 

<1 

Lymphangioma 

<1 

<1 

Desmoplastic  fibroma 

Data  from: 

Mayo  Clinic: 

<1 

<1 

1-71,  21 

1 . Unni  KK,  inwards  CY.  Introduction  and  scope  of  study,  in:  Dahlin's  Bone  Tumors  General  Aspects  and  Data  in  10,165  Cases.  6th  ed.  Wolters  Kluwer/ 
Lippincott-Raven;  2010:1-8. 

Netherlands  Committee  on  Bone  Tumors  (NCBT): 

2.  Mulder  JD.  Schutte  HE,  Kroon  HM,  Taconis  WK.  Introduction.  In:  Radiologic  Atlas  of  Bone  Tumors.  Elsevier;  1993:3-6, 

3.  Mulder  JD,  Schutte  HE,  Kroon  HM,  Taconis  WK.  The  diagnosis  of  bone  tumors.  In:  Radiologic  Atlas  of  Bone  Tumors.  Elsevier;  1993:9-46. 
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Table  9.5  Tumor-llke  bone  lesions 


lesion 

Relative  frequency  (%)  (N= 2.287) 

Age  range  (years),  median  age 

Fibrous  dysplasia 

18 

1-50,  20 

Osteomyelitis 

14 

Fibrous  coitlcal  defect/nonossffyfng  fibroma 

13 

5-20,  14 

Aneurysmal  bonecyst 

11 

1-25,  14 

Traumatic  Injury  (fractune/callus) 

10 

Solitary  bone  cyst 

9 

1-62,  11 

Eosinophilic  granuloma 

8 

1-35,  10 

Hetero  topic  bone  Fomnation/reaction 

5 

1—45,  22 

Pigmented  villonodular  synovitis 

3 

15-60.32 

Geode 

1 

25-85,  52 

Brown  bjmor 

1 

40-70,  52 

Ganglion 

<1 

20-70,  38 

Epidermoid  cyst 

<1 

19-71,  38 

Neuropathic  arthropathy 

<1 

Melorheostosis 

<1 

Data  from  Netherlands  Committee  on  Bone  Tumors  (NCBT): 

1.  Mulder  JD,  Schutte  HE,  Kroon  HM,  Taconis  WK.  Inboduction.  In:  Radiologic  Adas  of  Bone  Tumors.  Elsevier;  1993:3-6. 

2.  Mulder  JD,  Schutle  HE,  Kroon  HM,  Taconis  WK,  The  diagnosis  of  bone  tumors.  In:  Radiologic  Adas  of  Bone  Tumors.  Elsevier;  1993:9-46. 


• Malignant  lesions 

o Metastatic  disease 
o Leukemia 
o Desmoid  tumors 

• Benign  lesions 

o Aneurysmal  bone  cyst 
o Unicameral  bone  cyst 
o Fibrous  cortical  defect 
° Nonossifying  fibioma 
o Fibrous  dysplasia 
o Eosinophilic  granuloma 
° Osteofibrous  dysplasia 
° Paget  disease 
o Plexifonn  neurofibromas 
o Ganglion  cysts 
o Geode 
o Bone  Island 
o Melorrheostosis 

• Metabolic  disorders 
o Thalassemia 

o Sickle  cell  disease 
o Hemophilia 
° Osteopetrosis 
o Gaucher  disease 
o Hyperparathyroidism 
o Vitamin  defidendes 

• Radiation  injury 
o Fat  conversion 
o Bone  infarcts 


• Inflammatory  diseases 

o Pyogenic  osteomyelitis 
o TB  osteomyelitis 
o Fungal  osteomyelitis 

• Langerhans  cell  histiocytDsis/eosinophilic  granuloma  (EG) 
o Erdheim-Cbesler  disease 

o Sarcoid 

• Traumatic  lesions 
o Fractures 

o Hematomas 
o Pseudarthroas 
° Neuropathic  joint 
o Bone  infarct 
o Osteochondritis  dissecans 


9.3  Frequency  of  Occurrence  of 
Soft  Tissue  Tumors 

Benign  tumors  of  the  soft  tissues  are  100  times  more  frequent 
than  sarcomas.*20^1  The  annual  inddence  of  benign  tumors  bas 
been  estimated  to  be  approximately  3,000  per  million,  and  30 
per  million  far  sarcomas.5  Sarcomas  of  the  musculoskeletal 
system  account  for  less  than  1%  of  all  malignant  tumors.5  The 
relative  frequendes  of  primary  malignant  tumors  and  primary 
nonmalignant  tumors  of  the  soft  tissues  are  listed  in  ► Table  9.6 
and  ► Table  9.7,  respectively.2*21 
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Table  9.6  Malignant  soft  tissue  tumors:  12,370  malignant  tumors  representing  approximately  40%  of  total  benign  and  malignant  soft  tissue 
lesions  (31,047) 


Tumor 

Percent  malignant 

Percent  total 

Age  range  (yeai*s),  mean  age 

Malignant  fibrous  histiocytoma 

24 

10 

32-80,  59 

Uposarcoma 

14 

6 

18-78,  47 

Sarcoma  (not  further  classified) 

12 

5 

Leiomyosarcoma 

8 

3 

35-79,  58 

Malignant  schwannoma 

6 

2 

17-70, 42 

Dennatofibrosarcoma  piotuberans 

6 

2 

19-60,  38 

Synovial  sarcoma 

5 

2 

14-58,  32 

Fibrosarcoma 

4 

2 

14-72,41 

Exbaskeletal  chondrosarcoma 

2 

<1 

22-71,49 

Angiosarcoma 

2 

<1 

17-77,  49 

Rhabdomyosarcoma 

2 

<1 

2-40, 1 8 

Epitheloid  sarcoma 

1 

<1 

15-54,31 

Kaposi  sarcoma 

1 

<1 

34-84,  64 

Malignant  hemangiopericytoma 

1 

<1 

22-73,  46 

Exbaskeletal  Ewing 

1 

<1 

11-42,  25 

Clear  cell  sarcoma 

1 

<1 

15-60.  37 

Exb  askeletal  osteosarcoma 

<1 

<1 

33-77,  57 

Neuroblastoma 

<1 

<1 

1-47,  19 

Hemangioendothelioma 

<1 

<1 

17-60,  40 

Malignant  granular  cell  tumor 

<1 

<1 

14-70,  39 

Data  from: 

Kransdorf  MJ,  Murphy  MD.  Soft  tissue  tumors  in  a large  referral  population:  prevalence  and  distribution  of  diagnoses  by  age,  sex,  and  location.  In: 
Imaging  of  Soft  Tissue  Tumors.  W.B.  Saunders;  1997:3-35. 

Kransdorf  MJ.  Malignant  soft-tissue  tumors  in  a large  referral  population:  distribution  of  diagnoses  by  age,  sex,  and  location.  AJR  1995;164:129-134. 


9.4  Grading  and  Staging  of 
Bone  Tumors 

TWo  systems  that  are  currently  used  for  staging  of  primary 
malignant  bone  tumors  include  the  American  Joint  Committee 
on  Cancer  (AJCC)  system  that  was  recently  revised  in  2002,  and 
the  Musculoskeletal  Tumor  Society  (MSTS)  system.4*22 

For  the  revised  AJCC  system,  four  criteria  are  used  for  stages 
IA  to  1VB.  T1  refers  to  tumors  measuring  less  than  8 cm  in  great- 
est dimension  and  T2  for  tumors  greater  than  8 cm.  NO  refers  to 
no  regional  lymph  node  metastasis,  and  N1  for  the  occurrence 
of  regional  lymph  node  metastasis.  M0  refers  to  the  absence  of 
distant  metastasis  and  Ml  for  the  presence  of  distant  metasta- 
sis. The  last  criterion  is  based  on  tumor  grade  with  G1  assigned 
to  low  grade  or  well  differentiated,  G2  for  moderately  differen- 
tiated (also  low  grade),  G3  for  poorly  differentiated  (high 
grade),  and  G4  for  undifferentiated  (high  grade)  (►Table  9.8). 
The  AJCC  system  is  used  for  all  primary  malignant  tumors  of 
bone  (osteosarcoma,  Ewing  sarcoma),  except  for  primary  malig- 
nant lymphoma  or  myeloma.22 

For  the  MSTS  system,  three  criteria  are  used  for  stages  IA  to 
III.  T refers  to  whether  the  tumor  is  localized  to  a single  com- 
partment (Tl)  or  involves  more  than  one  compartment  (T2); 
M0  designation  for  absence  of  metastases  and  Ml  for  the  pres- 
ence of  metastases;  and  G1  for  low  grade  tumors  and  G2  for 
high  grade  tumors.22 


9.5  Grading  and  Staging  of  Soft 
Tissue  Tumors 

The  World  Health  Organization  (WHO)  has  developed  a classifi- 
cation system  for  soft  tissue  tumors  with  lesions  assigned  to 
four  groups:  benign,  intermediate  (locally  aggressive),  interme- 
diate (rarely  metastasizing),  and  malignant.5  Two  systems  cur- 
rently used  for  grading  soft  tissue  sarcomas  include  the  U.S. 
National  Cancer  Institute  (NCI)  system  and  the  French  Federa- 
tion Nationale  des  Centres  de  Lutte  Contre  le  Cancer  (FNCLCC) 
system5  (►  Table  9.9). 

The  NCI  grading  system  for  tumors  takes  into  account  the 
histological  type,  cellularity,  pleomorphism,  mitotic  rate,  and 
presence  of  necrosis.5  The  FNG£C  system  uses  tumor  differen- 
tiation, mitotic  rate,  and  presence/extent  of  necrosis.5  TWo 
important  histological  features  that  have  been  associated  with 
prognosis  include  high  mitotic  indices  and  presence  of  necro- 
sis5 The  FNCLCC  system  has  been  reported  to  result  in  a better 
correlation  with  overall  and  metastasis-free  survival  than  the 
NCI  system.5  Staging  of  malignant  soft  tissue  tumors  is  based  on 
the  extent  of  tumor  from  imaging,  histological  features  of  the 
tumors,  and  clinical  data.5  The  main  system  used  for  staging  for 
soft  tissue  sarcomas  is  the  TNM  system  developed  by  the 
American  Joint  Committee  on  Cancer  (AJCC)  and  the  Interna- 
tional Union  against  Cancer  (see  ► Fig.  9.1)5  The  TNM  system 
has  been  shown  to  be  clinically  useful  for  prognostic  purposes. 
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Table  9.7  Soft  tissue  tumors/leslons:  18,677  benign  tumors  representing  approximately  60%  of  total  benign  and  malignant  soft  tissue  lesions 
(31.047) 


Tumor /Lesion 

Percent  of  benign 

Percent  total 

Age  range  (years),  mean  age 

Lipoma 

16 

10 

26-68,  48 

Fibrous  histiocytoma 

13 

8 

13-57,  33 

Nodular  fasciitis 

11 

7 

11-51,31 

Hemangioma 

8 

5 

1-65,  32 

Fibromatosis 

7 

4 

13-65,  36 

Neurofibroma 

5 

3 

16-66,  37 

Schwannoma 

5 

3 

22-72,  46 

Giant  cell  tumor  of  tendon  sheath 

4 

2 

18-64,  39 

Myxoma 

3 

2 

24-74,  52 

Granuloma  annulare 

2 

1 

2-58,  23 

Hemangiopericytoma 

2 

1 

23-70,  44 

Granular  cell  tumor 

2 

1 

15-56,  35 

Leiomyoma 

2 

1 

14-67,  40 

Chondroma 

m 

<1 

16-70,  44 

Fibroma  of  tendon  sheath 

i 

<1 

15-75,  35 

Fibroma 

i 

<1 

11-67,  40 

Myofibromatosis 

i 

<1 

<1-52,  14 

Glomus  tumor 

<i 

<1 

19-71,  47 

Pigmented  villonodular  synovitis 
(PVNS) 

<i 

<1 

18-59,  38 

Lymphangioma 

<i 

<1 

1-50,  19 

Ganglion 

<i 

<1 

19-65,  40 

Proliferative  fasciitis 

<i 

<1 

33-71,  54 

Myositis  ossificans 

<i 

<1 

13-64,  35 

Lipoblashoma 

<i 

<1 

1-10,4 

Proliferative  myosiitis 

<i 

<1 

Paraganglioma 

<i 

<1 

24-70,  47 

Synovial  chondromatosis 

<i 

<1 

Ganglioneuioma 

<i 

<1 

4-44,  22 

Hibernoma 

<i 

<1 

21-50,  32 

Data  from: 

Kransdorf  MJ.  Murphy  MD.  Soft  tissue  tumors  in  a large  referral  population:  prevalence  and  distribution  of  diagnoses  by  age,  sex.  and  location.  In: 
Imaging  of  Soft  Tissue  Tumors.  W.B.  Saunders;  1997:3-35. 

Kransdorf  MJ.  Benign  soft-tissue  tumors  in  a large  referral  population:  distribution  of  specific  diagnoses  by  age,  sex,  and  location.  AJR  1995;164: 
395-402. 


Table  9.8  American  Joint  Committee  on  Canter  Staging  System  for  Primary  Malignant  Tumors  of  Bone  for  Those  Tumors  Diagnosed  on  or  After 
January  1,  200343 


Stage 

Tumor 

Lymph  node 

Metastases 

Grade 

IA 

T1 

NO 

M0 

G1  or  G2 

IB 

T2 

NO 

M0 

G1  or  G2 

IIA 

T1 

NO 

M0 

G3  or  G4 

IIB 

T2 

NO 

M0 

G3  or  G4 

III 

T3 

NO 

M0 

Any  G 

IVA 

Any  T 

NO 

Mia 

Any  G 

IVB 

Any  T 

N1 

Any  M 

Any  G 

IVB 

Any  T 

Any  N 

Mlb 

Any  G 

Tx -primary tumor  cannot  be  assessed,  TO-  no  evidence  of  primarytumor,  T1  -tumor  8cm  or  less  in  greatest  dimension;  T2- tumor  more  than  8 cm 
in  greatest  dimension,  T3  = discontinuous  tumors  in  the  primary  bone;  Nx  = regional  lymph  nodes  not  assessed,  N0=no  regional  lymph  node 
metises,  N1  = regional  lymph  node  metastasis;  Mx=  distant  metastasis  cannot  be  assessed,  M0=no  distant  metastasis,  Ml  = distant  metastasis, 
Ml  a = lung.  Ml  b = other  distant  sites;  and  Gx  = grade  cannot  be  assessed.  Cl  = well  differentiated  (low  grade),  G2  = moderately  differentiated  (low 
grade),  G3  - poorly  differentiated  (high  grade),  G4  - undifferentiated  (high  grade). 
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Table  9.9  FNCUX  grading  system:  definition  of  parameter.14 
Modified  from  Itojanl  et  al.  Int  J Cancer  1984;33:37-42 


Himor  differentiation 

Scone  1 

Sarcomas  dosely  resembling  nor- 
mal adult  mesenchymal  tissue 
(e.g.,  low  grade  leiomyosarcoma) 

Scone  2 

Sarcomas  for  which  histological 
typing  Is  certain  (e.g.,  myaoid 
liposarcoma) 

Score  3 

Embryonal  and  undifferentiated 
sarcomas,  sarcomas  of  doubtful 
type,  synovial  sarcomas,  osteo- 
sarcomas , PNET 

Mitotic  oount 

Scone  1 

0—9  mitoses  per  10  HPF* 

Scone  2 

10-19  mitoses  per  10  HPF 

Scone  3 

£20  mitoses  per  10  HPF 

llimor  necrosis 

Scone  0 

No  necrosis 

Scone  1 

<50%  tumor  necrosis 

Scone  2 

£50%  tumor  necrosis 

Histological  grade 

Grade  1 

Total  score  2,  3 

Grade  2 

Total  score  4,  5 

Grade  3 

Total  store  6,  7.  8 

PNET,  primitive  neuroectodermal  tumor. 

“A  high  power  field  (HPF)  measures  0.1734  square  millimeters. 

The  TNM  system  uses  data  consisting  of  tumor  size  and  depth, 
histological  tumor  grade,  regional  lymph  node  involvement, 
and  presence  of  distant  metastases. 

9.6  Imaging  Evaluation  of  Bone 
and  Soft  Tissue  Tumors  and 
Tumor-Like  Lesions 

The  diagnosis  of  bone  tumors  is  often  made  on  conventional 
iadiograpbs  3 Osteolytic  lesions  from  tumors,  however,  may  not 
be  visible  on  conventional  radiographs  until  there  is  3Q  to  50% 
loss  of  mineralization.14*22’23  Because  of  superior  soft  tissue  con- 
trast, magnetic  resonance  imaging  (MRI)  can  detect  marruw- 
based  tumors  before  they  are  evident  on  radiographs.  In  addi- 
tion, MRI  can  be  used  to  further  characterize  lesions  with 
regard  to  extent  and  extraosseous  extension.  With  progres- 
sive increased  use  of  MRI  for  evaluation  of  musculoskeletal 
disorders,  tumors  and  other  bone  lesions  may  also  be  found 
incidentally. 

Features  used  to  characterize  bone  tumors  and  other  lesions 
on  conventional  iadiographs  Include  the  following: 

1 Lesion  location  (metaphyseal/diaphyseal/epiphyseal*  cortical, 
intramedullary,  eccentric,  central) 

2.  Lesion  size 

3.  Lesion  density  (tadiolucent,  sclerotic,  presence  of  matrix 
mineralization) 

4.  Margins  (well-defined  geographic  with  or  without  sclerotic 
borders,  poorly  defined  geographic,  “moth-eaten1*  and/or 
“permeative"  radiolueent  patterns) 


IViltUTJ-  lUfflM  i fl 


| X:  primary  uimor  carrot  bo  assessed 
TO*.  na  evidence  of  primary  tumor 
1 1 : tumor  < 5cm  j n greatest  dimension 
Tla:  superficial  rumor* 

Tib:  deep  tumor 

T2:  tumor  > 5cm  in  greatest  dimension 

12a:  superficial  rumor 
T2b:  deep  turner 


Regional  lymph  n*dcs  (j\)  NX:  mgjooial  l)Tnpli  nodes  cannot  be  assessed 


NOr  no  regional  l>mp*»  n*le  metastasis 
N I : regional  lymph  node  metastasis 


Note:  Regional  i^*dc  involvement  is  rare  and  cases  in  which  inodal  status  is  not  assessed  either 
clinically  or  pathologically  could  be  considered  NO  instead  of  NX  or  pNX. 


Oisnint  meiasiasis  (M)  Mf:  no  distant  metastasis 

M |:  distani  metastasis 


C Hictopafhological  Crading 

Translation  tabic  for  three  und  four  grade  to  two  grade  (low  is,  high  grade)  system 


TNM  two  grade  system 
low  grade 

High  g/adc 

Stoge  I A 

Stacie 

Stage  11a 

Stage  IIU 

SmielV 


Three  grade  systems 
Grade  1 


Grade  2 

Grade  3 

Tla 

NO.NX 

Tib 

NO.NX 

T2a 

NO.NX 

T2b 

NO.NX 

Tla 

NO.NX 

Tib 

NO.NX 

12a 

NO.NX 

T2b 

NO.NX 

Any  T 

Nl 

AnyT 

AnyN 

four  grade  systems 
Grade  I 
Gradc2 
Grade  5 
Grade  4 


M0 

Low  grade 

M0 

Low  grade 

MO 

Lowgrade 

M0 

Low  grade 

M0 

High  gJadc 

M0 

High  grade 

MO 

High  grade 

MO 

1 ligh  grade 

M0 

Any  grade 

ME 

Any  grade 

'Superficial  lunw  is  located  exclusively  above  the  supe  ficial  fascia  w ithout  invasion  •fthc 

fasc  ia;  deep  tumor  is  located  cither  exclusively  beneath  the  superficial  fescia>  orsttpcrfic  tal  to  the 
fasetawith  invasion  of  or  through  the  fascia.  Retroperitoneal,  mediastinal  and  pelvic  sarcomas 
arc  classi  fied  as  deep  nmnrs. 

Fig. 9.1  TNM  system  developed  by  the  American  Joint  Committee  on 
Cancer 


5.  Presence  of  cortical  destruction  with  or  without  extraoss- 
eous tumor  extension 

6.  Presence  of  periosteal  reaction  (interrupted  versus  noninter- 
iupted  pattern,  lamellated/onion-skin  pattern,  perpendicular 
pattern,  sunburst  pattern,  Codman  triangles)*4^26 

Many  bone  tumors  and  nonneoplastic  osseous  lesions  arise 
within  medullary  bone.  As  these  intraosseous  lesions 
enlarge  within  marrow,  they  can  distort,  erode,  remodel, 
and/or  destroy  bone  trabeculae  resulting  in  radiographic 
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Fig,  9,2  Geographic  lesion  pattern  type  1A  In 
a 16-year-old  boy  with  a nonossifying  fibroma 
In  the  distal  femur,  (a)  llie  geographic 
radlolucent  lesion  has  a sharp  zone  of  transi- 
tion with  normal  bone,  and  has  a thin 
peripheral  sderatic  margin  (arrow),  (b)  The 
lesion  also  has  well-defined  margins  on  coronal 
Unweighted  imaging. 


Fig,  9,3  Geographic  lesion  pattern  type 
IB  in  a 28-year^)ld  man  with  a giant  cell 
fajmor  involving  die  proximal  tibia,  (a)  Ihe 
geographic  radlolucent  lesion  lacks  a 
sclerotic  margin  on  radiograph  (arrow), 
(b)  The  lesion  has  intermediate  signal  on 
toronal  Tl-welghted  Imaging  and  has  a 
sharp  zone  of  transition  with  normal 
marrow. 


findings.  On  conventional  radiographs,  most  bone  tumors 
are  radiolucxnt3AK23*2*26  The  appearance  of  the  bone  tumor 
margins  on  conventional  radiographs  is  often  predictive  of  the 
aggressiveness  of  the  neoplasms.  Radlolucent  lesions  with  mar- 
gins that  appear  as  abrupt  zones  of  transition  relative  to  normal- 
appearing bone  are  referred  to  as  having  a geographic  pattern 
(type  1).  usually  indicating  a slow-giuwing  lesion  (►  Fig.  9 2; 
► Fig.  93;  ► Fig.  9.4).4141^7 

Geographic-pattern  lesions  can  be  subdivided  into  those 
with  thin  peripheral  sclerotic  margins  (type  1A)(  those  that  lack 
peripheral  sclerotic  margins  (type  IB),  and  those  with  slightly 
indistinct  margins  (type  1C).  More  aggressive  patterns  of  bone 
destruction  are  classified  as  “moth-eaten"  radiolucent  lesions 
(type  D)  and  ^OTneotfce’’  radlolucent  lesions  (type  m).  The 
moth-eaten  radiolucent  pattern  (type  D)  consists  of  multiple 
radiolucent  round  or  oval  foci  of  varying  sizes  (often  between  2 
and  5mm),  and  wide  zones  of  transition  with  adjacent  normal- 
appearing  bone  (►  Fig.  9.5). 

The  permeative  radiolucent  pattern  (type  m)  consists  of 
small  (often  1 mm),  poorly  defined  radiolucent  zones  with 
indistinct  margins  and  wide  zones  of  transition  with  adjacent 
normal-appearing  bone  (►Fig.  9.6).  The  ntodheoten  and 
permeative  radiolucent  patterns  are  often  associated  with 


Flg.9.4  Geographic  lesion  pattern  type  1C  in  a 19-year-old  woman 
Involving  the  distal  radius.  The  geographk  radlolucent  lesion  has 
indistinct  margins  (arrow). 
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Fig, 9.5  "Moth-eaten*  radiolucent 
destructive  pattern  (type  11}  in  a patient 
wfth  a plasmacytoma  in  the  proximal  tibia 
(a)  and  another  wfth  a Ewing  sarcoma  in 
the  diaphysis  of  the  fibula  (b).  Multiple 
round  and  oval  Intramedullaiy  radlolucent 
fod  of  varying  sizes  are  seen  (arrow  In  a), 
as  well  as  wide  zones  of  transition  with 
adjacent  normal-appearing  bone,  and 
aoitlcal  bone  destruction.  Interrupted 
periosteal  reaction  is  also  seen 
(am>ws  in  b). 


aggressive  lesions,  including  malignant  neoplasms.4*14’1*2*27 
There  can,  however,  be  occasional  overlapping  patterns  of  bone 
destruction  with  benign  and  malignant  neoplasms  as  well  as 
with  osteomyelitis.4’14’1*25-27 

Ilie  presence  of  matrix  mineralization  (caldf  tcation,  ossifica- 
tion) in  tumors  may  allow  a narrowing  of  the  diff  erential  diag- 
nosis. The  presence  of  arc-  or  ring-shaped  calcifications  is 
highly  suggestive  of  a cartilaginous  tumor,  whereas  amorphous, 
doudlike,  ill-defined  densities  can  be  seen  with  osteosarcomas 
(►Rg.  97;  ► Rg.  9.8)4*14’19,2*27  Intiaosseous  lesions  with  a 
ground-glass  radiographic  appearance  are  typical  for  fibrous 
dysplasia  (►Fig.  9.9). 


Ilie  periosteum  at  the  outer  surface  of  bone  is  composed  of 
an  outer  hypoceihdar  fibrous  layer  and  an  inner  vascular  ceihilar 
portion  (cambium).27  The  inner  cellular  (cambium)  layer  of 
periosteum  is  connected  to  bone  cortex  via  perpendicularly  ori- 
ented collagen  fibers  (Sharpey  fibers).27  Ilie  normal  periosteum 
is  radiolucent.  In  the  settings  of  trauma,  infection,  inflamma- 
tion, neoplasm,  and  tumor-like  lesions  that  involve  bone  cortex 
and  periosteum,  the  cellular  layer  of  periosteum  enlarges 
resulting  in  a greater  separation  of  the  outer  fibrous  periosteal 
layer  horn  the  bone  cortex.  Subsequent  mineralization  of  the 
altered  periosteum  after  10  to  21  days  results  in  radiographi- 
cally observed  "^periosteal  reaction." 


Fig.  9.6  "Permeative"  radlolucent  pattern 
(type  Hi)  in  a patient  with  non-Hodgkin 
lymphoma  in  the  diaphysis  of  the  femur 
(a)  and  another  wfth  Ewing  sarcoma 
involving  the  diaphysis  of  the  tibia  (b). 
Multiple  small,  poorly  defined  radiolucent 
Intramedullaiy  zones  wfth  Indistinct  mar- 
gins are  seen  as  well  as  wfde  zones  of 
transitions  with  adjacent  normal-appear- 
ing bone,  and  cortical  bone  destruction, 
interrupted  periosteal  reaction  Is  seen  In 
both  images  (arrows). 
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Fig.  9.7  Ait;-  and  ring-shaped  diondioid  mineralization  is  seen  within  a 
chondrosarcoma  involving  the  proximal  humerus  of  a 46-year-old 
woman  (arrows). 


As  intraosseous  lesions  grow,  they  can  erode  or  destroy  adja- 
cent bone  corlex.  Some  intraosseous  lesions  erode  bone  cortex 
slightly  faster  than  the  overlying  periosteum  can  produce  peri- 
osteal new  bone,  resulting  in  expansile  bone  lesions  with  thin 
peripheral  rims  of  bone27  (►  Fig.  9.10).  This  pattern  is  referred 
to  as  negative  perisasteal  reaction? 7 These  expansile  shell-type 
bone  reactions  can  be  seen  with  slow-growing  benign  lesions 


Fig.  9.8  Dense,  amoiphous,  mlnerallzed-tumor  osteoid  Is  seen  with  an 
osteoblastic  osteosaraoma  Involving  the  distal  femur  of  a 19-year-old 
woman  (airow). 


such  as  aneurysmal  bone  cysts,  giant  cell  tumors,  nonossifying 
fibromas,  and  fibrous  dysplasia,  as  well  as  slow-growing 
malignant  tumors  such  as  low  grade  chondrosarcomas  and 
some  plasmacytomas  (►  Fig.  9.11).  In  aontrast  to  negative  peri- 
ostea/ reaction,  positive  periosteal  reaction  refers  to  when  new 


Fig.  9.9  A 10-year-old  boy  with  fibrous  dysplasia  Involving  the  metadlaphysaal  portion  of  die  prodmal  femur,  which  has  a ground-glass  radiographic 
appearance  (anew)  (a).  The  circumscribed  lesion  has  a margin  of  low  signal  surrounding  a central  zone  with  Intermediate  signal  on  coronal  T1- 
weighted  imaging  (b).  The  lesion  has  high  signal  on  coronal  fat-suppressed  12- weigh  ted  imaging  (c). 
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Fig. 9. 10  Giant  cell  tumor  Involving  the  distal 
ulna  in  a 52-yaar-old  man.  Anteroposterior 
(AP)  radiograph  (a)  shows  an  expansile  radio- 
lucent  lesion  with  a thinned  eortex  and  narrow 
zone  of  bansition  with  adjacent  normal 
medullary  bone.  The  tumor  has  circumscribed 
margins  and  has  high  signal  on  coronal  fot- 
suppresed  T2-weighted  Imaging  (FS  TZWI). 
(b)  An  11 -year-old  boy  with  an  aneurysmal 
bone  cyst  Involving  the  medial  proximal  shaft 
of  the  femur.  AP  radiograph  (c)  shows  an 
expansile  radiolucent  lesion  with  thinned 
•ortex  (arrow).  Coronal  FS  T7W1  (d)  shows  a 
multlseptated  lesion  with  fluid-fluid  levels 
containing  high  and  low-intermediate  signal. 


periosteal  bone  is  added  to  the  outer  margin  of  bone  cortex.27 
Ptetems  of  periosteal  reaction  can  vary  reined  to  growth 
of  neoplaanas  as  weil  as  with  other  bone  lesions.^  28  slow- 
growing  tumors  (osteoma,  osteoid  osteoma,  etc.}  and  inflamma- 
tory lesions  (osteomyelitis,  Langeihans  cell  histiocytosis)  that 
involve  bone  cortex  can  elevate  the  periosteum,  resulting  in  notv 
interrupted,  single,  mineralized  layers  of  periosteal  formation 
and  cortical  thickening  (►  Fig.  9.12;  ► Fig.  9.13).4,14,1W5*27 
Single-layeied  nonintenupted  periosteal  reaction  can  also 
occur  with  healing  fractures,  hypertrophic  pulmonary  osteo- 
arthropathy, venous  stasis,  myositis  ossificans,  thyroid 
acropachy,  and  Gaucher  disease.  Zones  of  coitical  destruction 
are  commonly  seen  with  malignant  neoplasms  as  well  as 
extraosseous  tumor  extension.4*14*19-25-27  Aggressive  and/or 
malignant  tumors  (osteosarcoma,  Ewing  sarcoma  chondrosar- 


coma, lymphoma)  as  well  as  inflammatory  lesions  (osteo- 
myelitis, Langerhans  cell  histiocytosis)  can  elevate  the 
periosteum  as  well  as  eventually  destroy  and  interrupt  portions 
of  the  elevated  periosteum  (►  Fig.  93;  ► Fig.  9.6;  ► Fig.  9.13; 
► Fig.  9.14)<141W5-27 

Triangular  zones  of  periosteal  reaction  may  be  seen  at  the  bor- 
ders of  cortical  destruction  and  extraosseous  tumor  extension 
and  are  referred  to  as  Codman  triangles  (►  Fig.  9.14).*1*1*25-27 
Codman  triangles  can  be  seen  with  malignant  primary  bone 
neoplasms,  osteomyelitis,  or  trauma.26*27  Various  types  of 
interrupted  periosteal  may  be  coexistent  in  malignant  bone 
tumois. 

Tbmor-induced  bone  formation  can  occur  within  medullary 
bone  as  well  as  within  extraosseous  portions  of  neoplasms. 
TUmor-induced  bone  formation  within  extraosseous  portions  of 
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Fig,  9.11  A 56-year-old  man  with  a plasmacy- 
toma Involving  tile  proximal  shaft  of  tile 
femur.  Ihe  radlolucent  lesion  has  shaip  Intra- 
medullary margins,  and  erodes,  thins,  and 
slightly  expands  the  adjacent  bone  cortex  (a). 
The  tumor  shows  gadolinium-contrast 
enhancement  on  coronal  fat-suppressed  T1- 
weighted  imaging  (b). 


V* 


the  neoplasms,  also  refened  to  as  periosteal  reaction,  can  have 
various  configurations.  Tlunor-induced  bone  formation  from 
malignant  neoplasms  can  be  oriented  perpendicular  to  the  long 
axis  of  bone  with  “velvet,"  “hair  on  end,"  “sunburst."  “cumulus 
cloud,“  or  disorganized/oomplex  configurations  (i  FSg.  9.15; 
► Fig.  9.16).4-14-W5  27  Multilayered  zones  of  periosteal  reaction 
with  an  “onion-peel"  or  lamellated  appearance  can  also  be  seen 
with  aggressive  tumors  and  inflammatory  lesions  (►  Fig.  9.17), 


With  MR1,  features  used  to  evaluate  and  characterize  bone 
and  soft  tissue  tumors  include  the  following: 

1.  lesion  location 

2.  lesion  size 

3.  Margins  (well-defined  geographic  with  or  without  low  signal 
margins  versus  poorly  defined  margins) 

4.  Signal  of  the  lesion  on  Tl- weighted  images,  proton-density 
weighted  images  with  and/or  without  fat  suppression, 


Fig.  9.12  A 13-year-old  boy  with  pyogenic 
osteomyelitis  involving  die  diaphysis  of  die 
tibia  with  nonlntemipted  single  layer  of 
periosteal  reaction  (arrow)  on  radiograph  (a). 
A poorly  defined  rate  of  high  signal  on  coronal 
fat-suppressed  12-welghted  Imaging  (b)  Is 
seen  in  die  marrow  associated  with  periosteal 
elevation  and  poorly  defined  abnormal  high  T2 
signal  In  die  adjacent  extraosseous  soft 
tissues. 
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Fig. 9. 13  Eosinophilic  granuloma  Involving  the 
distal  humerus  in  a 5-yaar-old  boy.  Antero- 
posterior radiograph  (a)  shows  a radlolucent 
Intramedullary  lesion  with  Irregular  margins, 
cortical  disruption,  and  single  layer  of  smooth 
perlsotcal  reaction  at  the  medial  (ulnar) 
aspect  A aone  of  disruption  of  the  periosteum 
is  seen  laterally  at  the  radial  aspect  (anow). 
Magnetic  resonance  imaging  shows  an  intra- 
medullary poorly  defined  lesion  with  hetero- 
geneous slightly  high  to  high  signal  on  coronal 
fat-suppressed  T2-weighted  imaging  (FS 
T2WI)  (b)  with  extension  of  tiie  lesion  from  the 
marrow  Into  adjacent  soft  tissues  as  seen 
through  areas  of  cortical  disruption.  Zones  of 
high  signal  on  FST2WI  are  seen  superficial  and 
deep  to  the  elevated  periosteum,  whldi  is  seen 
as  a linear  zone  erf  low  signal. 


Fig.  9 .14  A 12-year-old  girl  with  an  intramedullary  osteogenic  osteo- 
sarcoma Involving  the  humerus  wfth  cortical  destruction,  extraosseous 
extension,  and  Interrupted  periosteal  elevation.  Anteioposterlor 
radiograph  shows  a destructive  Intraosseous  lesion  with  mineralized 
ossified  matrix,  cortical  destruction,  exftraosseous  tumor  extension 
with  dlsoiganlzed  tumoral  bone  formation,  and  a Codman  titangle  at 
tiie  Inferior  lateral  bolder  (arrow). 


T2-weighted  images  with  and/or  without  fat  suppressi  on, 
shoit  11  inveision  recovery  (STIR)  images 

5.  Enhancement  after  intravenous  administration  of 
gadolinium-based  contrast  material 

6.  Presence  of  cortical  destruction 

For  bone  tumois,  MR!  can  accurately  demonstrate  the  size,  con- 
figuration, and  margins  of  extraosseous  neoplastic  extension 
from  the  medullary  canal  through  sites  of  cortical  destruction. 

MRI  findings  may  be  useful  for  diagnosis  and  narrowing  the 
list  of  differential  possibilities  of  bone  and  soft  tissue  tumors. 
For  example,  extra-  and  intraosseous  lipomas  have  signal  simi- 
lar to  fat,  and  unicameral  bone  cysts  usually  have  drcumscribed 
margins  and  contain  fluid  signal.  Nonossifying  fibiomas  in  bone 
often  have  drcumscribed  margins  and  have  internal  low  signal 
on  T2-weighted  images  reflecting  their  histological  features. 
The  locations  of  lesions  combined  with  MRI  features  may  also 
be  highly  suggestive  of  lesions  such  as  with  osteoflbrous  dys- 
plas'ia,  osteoid  osteoma,  juxtacordcal  chondroma,  enchon- 
droma,  osteochondroma,  chondroblastoma,  fibrous  dysplasia, 
chordoma,  chondromy*oid  fibroma,  and  Paget  sarcoma.  Fea- 
tures commonly  associated  with  malignant  bone  tumors 


Fig.  9.1 5 A 3-year-old  boy  with  metastatic  neuroblastoma  Involving  tiie  right  lilac  bone.  The  tumor  is  associated  wfth  cortical  destruction  and 
extraosseous  extension  with  'hair  on  end*  as  well  as  divergent  striated/ ‘sunbuist- type"  zones  of  periosteal  reaction  (arrows)  (a),  intraosseous  tumor 
has  high  signal  on  axial  fat-suppressed  (FS)  T2«welghted  imaging  (F2WI)  (b),  and  shows  gadolinium-contrast  enhancement  on  axial  FS  Tl-welghted 
Imaging  (c).  Tumor  is  seen  extending  through  destroyed  bone  cortex  both  deep  and  superficial  to  the  elevated  low-signal  band  of  Interrupted 
periosteum. 
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Fig.9.16  A 19-year-old  woman  with  an  intramedullary  osteogenic 
osteosarcoma  Involving  the  distal  femur  humerus  with  cortical 
destruction,  extraosseous  extension,  and  interrupted  periosteal  ele- 
vation. Anteroposterior  radiograph  shows  the  intraosseous  and 
exbaosseous  portions  of  the  lesion  to  have  dense  doudlike  and 
disorganized  mineralized  ossified  matrix. 


indude  poorly  defined  margins,  extension  of  tumor  from  mar- 
row through  sites  of  cortical  destruction,  irregular  contrast 
enhancement  with  zones  of  necrosis,  and  skip  lesions.  Overlap- 
ping MR1  futures  of  many  malignant  tumors  require  biopsies 
for  diagnosis  and  treatment  planning.  MRI  is,  however,  recom- 
mended and  routinely  used  for  staging  of  bone  and  soft  tissue 
tumors  because  of  its  superior  contrast  resolution  and  multi- 
planar  imaging  capabilities  in  determining  tumor  size  and 
extent.*25*28-35  MRI  provides  a more  accurate  assessment  of 
tumor  volume  compared  with  radiographs  and  computed 
tomography  and  is  also  useful  in  detecting  fluid-fluid  levels  in 
tumors  as  well  as  nonenhandng  necrotic  and  hemorrhagic 
zones.4  MRI  also  provides  detailed  information  regarding  tumor 
margins,  presence  of  tumor  invasion  of  neurovascular  struc- 
tures, and  bone.5*36*37  MRI  can  also  confirm  the  presence  of 
hemorrhage,  cystic,  flbrotic,  and  myxoid  changes  within 
tumors.5*38 

Contrast-enhanced  MRI  often  provides  useful  information  in 
the  evaluation  of  musculosteletal  lesions.27*28*313339-50  For  eval- 
uation of  musculoskeletal  neoplasms,  dynamic  MRI  after  bolus 


Fig.  9.17  Intramedullary  telangiectatic  osteosarenma  In  the  distal 
femur  associated  wtth  aortal  destruction  with  extraosseous  tumor 
extension.  Multiple  layers  of  periosteal  reaction  oriented  parallel  to 
cortical  bone  (“onion  skin"  pattern)  (white  arrows)  and  a Codman 
triangle  interiorly  (lower  arrow)  are  seen  on  an  anteroposterior 
radiograph. 


intravenous  administration  of  gadolinium-chelate  contrast 
can  sometimes  be  useful  in  distinguishing  rapidly  enhancing 
tumor  from  initially  nonenhancing  perineoplastic  edema  or 
necrosis.39-^1  Combining  information  from  static  and  dynamic 
contiast-enhanced  MRI  with  results  from  nanenhanced  MRI 
may  allow  improved  differentiation  between  benign  and  malig- 
nant soft  tissue  tumors.47  Ihe  presence  of  liquefaction,  large 
tumor  size,  and  early  patterns  of  dtynamic  contrast  enhance- 
ment were  features  that  were  more  commonly  associated  with 
malignant  than  with  benign  soft  tissue  tumors.47  Responses  of 
malignant  tumors  such  as  osteosarcomas  and  Ewing  sarcomas 
to  chemotherapy  can  also  be  assessed  by  detecting  nonenhanc- 
ing zones  of  necrosis  or  sites  of  persistent  early  enhancement 
that  are  typically  associated  with  remaining  viable  tumor. 
Newer  MRI  teduiiques,  such  as  diffusion-weighted  imaging  and 
MR  spectroscopy,  have  been  used  in  clinical  research  studies  for 
the  evaluation  of  musculoskeletal  neoplasms,  although  their 
ciinical  relevance  requires  further  study.51*52 
The  Information  provided  by  MRI  is  valuable  for  planning 
biopsies  and  surgical  resection.5  Knowledge  of  the  MRI  features 
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and  associated  findings  from  conventional  radiographs  and 
computed  tomographic  scans  can  provide  comprehensive  and 
detailed  evaluation  of  musculoskeletal  tumors  and  tumor-like 
lesions. 

This  portion  of  the  book  is  focused  on  the  differential  diagno- 
sis, description,  and  categorization  of  the  MRI  features  of  both 
benign  and  malignant  bone  and  soft  tissue  tumors  and  tumor- 
like lesions  involving  the  musculoskeletal  system.  The  actual 
definition  of  the  English  word  "Tumor”  is  derived  from  the  Latin 
word  “turnere  ” which  is  translated  as  ""swelling.”  The  lesions 
described  in  this  book  include  both  neoplasms  and  tumor-like 
masses  involving  the  appendicular  skeleton.  This  portion  of  the 
book  groups  musculoskeletal  lesions  into  lists  of  differential 
diagnoses  based  on  anatomical  locations  and/or  MRI  features 
illustrated  with  MR  images. 

For  this  book,  MRI  signal  of  the  various  entities  will  be 
described  as  low,  intermediate,  high,  or  mixed  on  Tl-weighted 
imaging  (T1WI),  proton  density-weighted  imaging  or  interme- 
diate-weighted imaging  (PDWI),  and  T2-weighted  imaging 
(T2WI),  and  whether  there  is  gadolinium-contrast  (Gd-con- 
trast)  enhancement  or  not  When  available,  comments  and 
examples  will  be  given  regarding  MRI  features  with  fat-sup- 
pression techniques  such  as  frequency-selective  fat-presatura- 
tion  (FS)  applied  on  T1WI,  PDWI,  T2WI,  or  utilization  of  the 
short  TI  inversion  recovery  sequence  (STIR).  Both  techniques 
enable  distinction  of  pathological  processes  (e.g.,  neoplasm, 
infection,  inflammation,  edema)  from  normal  anatomical  struc- 
tures with  high  signal  from  intrinsic  fat  such  as  marrow  and 
subcutaneous  soft  tissues. 
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10  Lesions  Involving  Bones 

Steven  R Meyers 

10.1  Lesions  Involving  the  Outer 
Surface  of  Bone 

• Nonmalignant  lesions 
o Degenerative  lesions 

- Osteophyte 

- Synovial  cyst 

- Ganglion  cyst 

o Benign  tumors  and  tumor-like  lesions 

- Osteochondroma 

- Juxtacortical  chondroma 

- Bizarre  parosteal  osteocartilaginous  proliferation 

- Chondromyxoid  fibroma 

- Periosteal  osteoid  osteoma 

- Fibrous  cortical  defect  (PCD)  and  nonossifying  fibroma 
(NOF) 

- Cortical  desmoid 

- Osteoma 

- Parosteal  lipoma 

- Melorheostosis 

- Heterotopic  ossification 

- Schwannoma 

- Neurofibroma 

- Giant  cell  tumor  of  tendon  sheath 

- Glomus  tumor 

- Nonmalignant  giant  cell  tumor  eroding  through  bone 
cortex 

o Inflammatory  lesions 

- Myositis/cellulitis  associated  with  infection  of  bone 

- Osteomyelitis 

- Chronic  recurrent  multifocal  osteomyelitis 

- Syndromes  of  hyperostosis,  osteitis,  and  skin  lesions 
(SAPHO  syndrome) 

- Eosinophilic  granuloma  eroding  through  bone  cortex 

- Rheumatoid  pannus  adjacent  to  and  eroding  bone 

- Gout 

- Pigmented  villonodular  synovitis  (PVNS) 

- Calcific  tendinitis  eroding  into  bone 

o Abnormalities  involving  the  periosteum 

- Noninterrupted  periosteal  reaction  from  fracture 

- Subperiosteal  hematoma 


- Hemophilic  pseudotumor 

- Noninterrupted  periosteal  reaction  from  primary 
hypertrophic  osteoarthropathy  (pachydermoperiostosis) 

- Noninterrupted  periosteal  reaction  from  secondary 
hypertrophic  osteoarthropathy 

- Noninterrupted  periosteal  reaction  from  venous  stasis 

- Noninterrupted  periosteal  reaction  from  infantile  cortical 
hyperostosis  (Caff ey  disease) 

- Noninterrupted  periosteal  reaction  from  thyroid 
acropachy 

- Progressive  diaphyseal  dysplasia  (Camurati-Engleman 
disease 

- Noninterrupted  periosteal  reaction  from 
hypervitaminosis  A 

- Periosteal  reaction  from  hypovitaminosis  C (scurvy) 

- Neurofibromatosis  type  1 

- Periostitis  associated  with  acute/subacute  bone  infarction 
• Malignant  lesions 

o Parosteal  osteosarcoma 
o Periosteal  osteosarcoma 
o Chondrosarcoma 
o Hemangioendothelioma 
o Sarcoma  of  soft  tissue  eroding  into  bone 
o Intramedullary  primary  sarcoma  eroding  through  bone 
cortex 

o Metastatic  lesions 
o Myeloma/plasmacytoma 
o Lymphoma 
o Leukemia 

o Malignant  tumor  with  interrupted  periosteal  reaction: 

sunburst  or  divergent  pattern 
o Malignant  tumor  with  interrupted  periosteal  reaction: 
Codman  triangle 

o Malignant  tumor  with  interrupted  periosteal  reaction: 
disorganized  pattern 

o Malignant  tumor  with  interrupted  periosteal  reaction:  “hair 
on  end”  or  perpendicularly  oriented  spicules  of  periosteal 
reaction 

o Malignant  tumor  with  interrupted  periosteal  reaction: 
“onion  skin”  multilayered,  or  multilamellated  periosteal 
reaction  oriented  parallel  to  the  long  axis  of  bone 


Table  10.1  Lesions  involving  the  outer  surfaee  of  bone 


Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Degenerative  lesions 

Osteophyte 
( Fig.  10.1) 

Bone  spurs  (osteophytes)  occur  at  the  margins  of  synovial 
joints,  and  have  low  peripheral  signal  on  Unweighted 
imaging  (T1WI)  and  T2^weighted  imaging  (T2WI)  overlying 
fatty  man-ow  with  or  without  edematous  reaction.  In  the 
axial  skeleton,  smooth  undulating  aones  of  ossification 
involving  the  anterior  longitudinal  ligament  can  be  seen 
along  the  anteiior  margins  of  the  vertebral  bodies  and 
extending  across  the  disks. 

Bony  outgrowths  usually  related  to  degenerative  athropathy 
at  synovial  joints,  or  degenerative  disk  disease  adjacent  to 
the  anterior  and  posterior  longitudinal  ligaments.  At  synovial 
joints,  these  bony  protmsions  may  be  a response  to  increase 
the  articular  surface  to  reduce  load.  At  the  spine,  osteo- 
phytes occur  as  a metaplastic  bone  response  related  to 
degenerative  disk  bulges  displacing  the  longitudinal  liga- 
ments. Flowing  or  bridging  osteophytes  at  four  or  more 
adjacent  vertebral  bodies  have  been  referred  to  as  diffuse 
idiopathic  skeletal  hyperostosis  (DISH). 

(continued  on  page  314) 
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Fig.  10.1  A 54-yw-old  man  with  degenerative  arthropathy  at  the 
knee  with  prominent  osteophytes  (arrows)  at  the  distal  femur  and 
proximal  tibia  on  aononal  proton  density-weighted  Imaging. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surfaae  of  bone 


Abnormalities 

MRI  findings 

Comments 

Synovial  cyst 
( Fig.  10.2) 

Spheroid  or  ovoid  circumscribed  collections,  which  often 
show  a site  of  aommunication  with  the  adjacent  joint  The 
contents  of  the  synovial  cyst  usually  have  low  to  interme- 
diate signal  onTIWI  and  proton  density-weighted  imaging 
(PDWI),  and  high  signal  on  T2WI  and  fat-suppressed  (FS) 
T2WI.  A thin  or  slightly  thick  rim  of  low  signal  on  T2WI  and 
FS  T2WI  is  typically  seen  at  the  peiiphei7  of  the  cysts.  Some 
synovial  cysts  may  have  intermediate  to  high  signal  onTIWI, 
and/or  intermediate  or  low  signal  onT2WI  secondary  to 
calcifications,  cartilage  formation,  and/or  hemorrhage.  Afber 
gadolinium  (Gd)-contrast  administration,  thin  marginal 
enhancement  may  be  seen. 

Synovium-lined  fluid  collections  that  frequently  occur  at  or 
near  joints  of  the  extremities,  occasionally  occur  at  facet 
joints  of  the  spine,  as  well  as  bursae  and  tendon  sheaths.  In 
adults,  synovial  cysts  are  often  associated  with  osteoardiritis, 
rheumatoid  arthritis,  and  trauma. 

Ganglion  cyst 
( Fig.  10.3) 

Sharply  defined  lesions  with  low  signal  on  T1WI,  low- 
intermediate  signal  on  PDWI,  and  homogeneous  high  signal 
on  T2WI.  Peripheral  rimlike  Gd-contrast  enhancement  can 
be  seen  as  well  as  aomplete  lack  of  enhancement.  Lesions 
can  erode  and/or  invade  adjacent  bone. 

Ganglia  are  juxta-articular  benign  myxoid  lesions  that  arise 
from  degeneration  of  periarticular  connective  tissue,  prior 
trauma,  or  prior  inflammation.  Ganglia  may  be  derived  from 
tendons,  tendon  sheaths,  joint  capsules,  bursae,  or  liga- 
ments. 

(continued  on  page  316) 
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Fig.  10,2  Sagittal  (a)  and  axial  (b)  12- 
weighted  imaging  shows  a synovial  cyst 
(arrows)  at  the  medial  aspect  of  the  left 
facet  Joint  causing  erosive  changes  at 
the  vertebral  body. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surfaae  of  bone 


Abnormalities 

MRI  findings 

Comments 

Benign  tumors  and 
tumor-llke  lesions 

Osteochondroma 
( Fig.  10.4) 

Circumscribed  protruding  lesion  arising  from  outer  aortex 
with  a central  aone  with  intermediate  signal  on  T1WI  and 
T2WI  similar  to  marrow  sunounded  by  a peripheral  zone  of 
low  signal  on  T1 W and  T2  W images.  A cartilaginous  cap  with 
high  signal  on  T2WI  and  FS  T2WI  is  usually  present  in 
children  and  young  adults.  Increased  malignant  potential 
when  cartilaginous  cap  is  >2  cm  thick. 

Benign  cartilaginous  tumors  arising  from  defect  at  periphery 
of  growth  plate  during  bone  formation  with  resultant  bone 
outgrowth  covered  by  a cartilaginous  cap.  Usually  benign 
lesions  unless  associated  with  pain  and  increasing  size  of 
cartilaginous  cap.  Osteochondromas  are  common  lesions, 
accounting  for  1 4 to  35%  of  primary  bone  tumors.  Occur 
with  median  age  of  20  years,  up  to  75%  of  patients  are  less 
than  20  years. 

Juxtacortkal 
chondroma 
( Fig.  10.5) 

Lesions  are  located  at  the  bone  surface  and  can  be  sessile  or 
slightly  lobulated  with  low-intennediate  signal  on  TIWi, 
which  is  hypo-  or  isointense  relative  to  muscle.  Lesions 
usually  have  heterogeneous  predominantly  high  signal  on 
T2WI.  Lesions  are  surrounded  by  low  signal  borders  on  T2WI 
representing  thin  sclerotic  reaction.  Areas  of  low  signal  on 
T2WI  are  secondary  to  matrix  mineralization.  Edema  is  not 
typically  seen  in  nearby  medullary  bone.  Lesions  often  show 
a peripheral  pattern  of  Gd-contrast  enhancement. 

Benign  protuberant  hyaline  cartilaginous  tumors  that  arise 
from  the  periosteum  and  are  superficial  to  bone  cortex. 
Juxtatortical  chondromas  account  fdr<  1%  of  bone  lesions. 
Occur  with  median  age  of  26  years. 

(continued  on  poge  318) 
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Flg.10.4  A 15-year-old  boywltii  an 
osheodiondroma  at  die  proximal  dorsal 
surfaee  of  die  tibia  as  seen  on  lateral 
radiograph  (a),  lhe  tiiln  cartilaginous  cap 
has  high  signal  on  sagittal  (b)  and  axial  (c) 
fat-suppressed  (FS)  T2-welghted  Imaging 
and  shows  gadollnlum-eontiast  enhanee- 
ment  on  axial  FS  Tl-weighted  imaging 
(arrow)  (d). 


. 

>4 
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Fig.  10.5  Juxtacortical  diondroma  at  the 
outer  surfaae  of  the  proximal  humerus  as 
seen  on  sagittal  fat-suppressed  (FS)  T2- 
weighted  imaging  (arrow)  (a).  Hie  lesion 
shows  gadolinium-contrast  enhancement 
on  sagittal  FS  Tl-weighted  imaging  (b). 
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Table  10.1  (Cent.)  Lesions  hvoMng  the  outer  surface  of  bone 

Abnormalities 

MRI  findings 

Comments 

Bizarre  parosteal 
osteocaitilaginous 
proliferation 
(►Fig.  10.6) 

Smooth  and/or  tabulated  caldhed  and/or  ossified  lesions 
often  with  a broad  base  or  stalk  of  attachment  to  an  intact 
outer  cortical  surface  of  bone.  Remodeling  of  adjacent  bone 
cortex  can  occur.  Typically  displaces,  but  does  not  Invade, 
adjacent  extraosseous  soft  tissues. 

Lesions  adjacent  to  or  attadied  to  the  outer  periosteal 
surface  of  bone  consisting  of  disorganized  conglomeiations 
of  bone  with  short  trabeculae,  cartilage  containing  enlarged 
dysmorphic  blnudeate  chondrocytes,  spindle  cells,  fibrous 
tissue,  and/or  myxoid  regions.  Commonly  occurs  in  die 
hands  and  feet  (70%),  less  commonly  in  long  bones.  Peak 
age  In  fourth  decade.  May  represent  a type  of  heterotopic 
ossification  versus  benign  tumor.  Can  be  cured  by  suigical 
excision,  although  local  recurrence  is  common. 

Chondromyxold 
flibnoma 
(►  Fig.  10.7) 

Lesions  are  often  sllghtiy  tabulated  with  lovHnfcermedlate 
signal  on  T1WI.  intermediate  signal  on  PDW1.  and  hetero- 
geneous. predominantly  high  signal  on  T2WI  secondary  to 
myxoid  and  hyaline  chondrold  components  with  high  water 
content  Magnetic  resonance  (MR)  signal  heterogeneity  on 
T2WI  Is  retatedtothe  proportions  of  myxoid,  diondroid,  and 
fibrous  components  within  the  lesions.  Thin  low  signal  septa 
within  lesions  on  TZW1  are  secondary  to  fibrous  stiands. 
Lesions  are  surrounded  by  low  signal  borders  representing 
thin  sderotlc  reaction.  Edema  Is  not  typically  seen  In 
medullaiy  bone.  Lesions  show  prominent  diffuse  Gd- 
contrast  enhancement 

Rare,  benign,  slow-growing  bone  lesions,  which  contain 
chondroid.  myxoid,  and  fibrous  components.  Oiondromyx- 
oid  fibromas  represent  2 to  4%  of  primary  benign  bone 
lesions,  and<  1%  of  primaiy  bone  lesions.  Most  chondro- 
myxoid  fibromas  occur  between  the  ages  of  1 and  40  years, 
with  a median  of  17  years,  and  peak  incidence  in  the  seeond 
to  tiilid  decades. 

(continued  on  poge  320) 


Fig.  10.6  Bizzare  parostedi  osteocartilagi- 
nous proliferation  in  a 5-year-old  female. 
Calcified  and  ossified  lesion  (arrow)  (a) 
with  a broad  base  of  attachment  to  an 
Intact  outer  cortical  surface  of  a middle 
phalange.  The  lesion  has  heterogeneous 
intermediate  signal  on  coronal  T1- 
weight&d  imaging  (arrow)  (b).  mixed  high 
and  low  signal  on  axial  fat-suppresaed  T2- 
weighted  imaging  (FS  12WI)  (c),  and 
shows  peripheral  gadolinium-aontiast 
enhancement  (arrow)  on  axial  FS  T1W1 
(d).  Ihe  lesion  displaces  but  does  not 
invade  adjaeent  extra  osseous  soft  tissues. 
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Fig.  10.7  Chondromyxold  fibroma  in  a 48-yesr-old  woman  Involving  the  superlfkal  portion  of  the  proximal  tibia.  The  radlolucent  lesion  has  well- 
defined  maigins  (arrow)  on  lateral  radiograph  (a),  lire  lesion  expands  and  thins  the  outer  cortical  maigln,  and  has  high  signal  (arrow)  on  coronal  (b) 
and  axial  fat-supprraed  (FS)  T2-weighted  imaging  (arrow)  (c).  intermediate  signal  on  axial  Tl-weighted  imaging  (T1WI),  (d)  and  shows  prominent 
gadolinium-contrast  enhancement  on  axial  FS  T1WI  (e). 
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Table  10.1  (Cent.)  Lesions  toveMng  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

Periosteal  osbeold 
osteoma 
(►  Fig.  10.8) 

Typically  shows  dense  ftislform  thickening  of  the  cortex, 
whidi  has  low-intemiediate  signal  on  T1WI,  PDWI,  TZWI, 
and  FS 12WI.  Within  the  thickened  cortex,  a spheroid  or 
ovoid  zone  (nidus)  measuring  less  than  1.5cm  Is  seen  In  the 
region  of  the  original  external  surface  of  bone  cortex.  Ihe 
nidus  can  have  irregular,  distinct,  or  indistinct  margins 
relative  to  tiie  adjacent  region  of  coitlcal  thickening.  Ihe 
nidus  can  have  low4ntermedlate  signal  onTIWI  and  PDWI, 
and  low-intermediate  or  high  signal  on  T7W1  and  FS  TZWI. 
Calcifications  In  tiie  nidus  can  be  seen  as  low  signal  on  12WI. 
After  Gd-contiast  administration,  variable  degrees  of 
enhancement  are  seen  at  tiie  nidus,  adjacent  bone  cortex, 
marrow,  periosteum,  and  adjacent  soft  tissues. 

Benign  osteoblastic  lesion  composed  of  a circumscribed 
nidus  less  than  1.5  cm,  and  usually  surrounded  by  reactive 
bone  fonnation.  These  lesions  are  usually  painful  and  have 
limited  growth  potential.  Osteoid  osteoma  accounts  for  11 
to  13%  of  primaiy  benign  bone  tumors.  Occur?  In  paCferib 
age  6 to  30  years,  median  - 17  years.  Approximately  75% 
occur  In  patients  less  than  25  year?. 

Fibrous  cortical  defect 
(FCD)  and  nonosdfylng 
fibroma  (NOF) 

(►  Fig.  10.9; 

► Fig.  10.10) 

FCDs:  Circumscribed  oval  lesions  involving  bone  cortex  of 
long  bones,  which  have  low  to  intennediate  signal  onTIWI 
and  PDWI,  and  low.  Intermediate,  and/or  high  signal  on  FS 
12WI  surrounded  by  varying  thickness  of  low  signal  from 
corresponding  maiginai  sdeiosis.  FCDs  with  or  without 
fracture  can  show  variable  degrees  of  Gd-contrast 
enhancement  NOFs  have  MR!  features  similar  to  FCDs, 
although  they  are  larger  and  eccentrically  involve  tiie 
marrow  In  tiie  dlmetaphyseal  regions  of  long  bones.  Cortical 
thinning  or  thickening,  and  bone  expansion  can  be  seen. 

FCDs  and  NOF s are  benign  hbiohistiocytk  lesions  in  tiie 
metaphyseal  portions  of  long  bones,  which  are  composed  of 
whorls  of  fibroblastic  cells  combined  with  smaller  amounts 
of  multinucleated  giant  cells  and  xanthomatous  cells.  Both 
lesions  have  similar  pathologic  Findings,  although  they  differ 
In  size.  FCDs  are  small  lesions  in  bone  cortex,  whereas  tiie 
larger  NOFs  are  located  eccentrically  in  tiie  medullaiy  cavtty. 
Both  lesions  are  considered  in  tiie  spectrum  of  tiie  same 
dlsoider  of  fllbiohistlocytSc  origins.  FCDs  and  NOFs  are 
common  benign  lesions,  which  are  usually  asymptomatic 
and  are  often  detected  as  incidental  findings.  Incidence  may 
be  up  to  30  to  40%  of  children.  Both  lesions  occur  In  patients 
age  1 to  45  years,  median  - 14  years,  95%  occur  betvrcen  the 
ages  of  5 and  20  years. 

(continued  on  poge  322) 


Flg.10.8  Periosteal  osteoid  osteoma  involving 
the  tibia  in  a 15-year-old  girl.  Sagittal  (a)  and 
axial  (b)  computed  tomographic  Images  show 
a lucent  nidus  within  thldoened  periosteal 
bone  formation  (arrow).  Ihe  nidus  has  high 
signal  (airow)  on  sagittal  fat-suppressed  T2- 
welghted  Imaging  (F5  T7W1)  (c),  intermediate 
signal  (arrow)  on  axial  Tl-weighted  imaging 
(T1WI)  (d),  and  shows  gadolinium-contrast 
enhancement  on  axial  F5  T1WI  (e).  Prominent 
tiiidcened  periosteal  bone  formation  is  seen, 
which  has  heterogeneous  Intermediate  and 
low  signal  on  F5  T7W1.  Zones  with  high  signal 
on  F$  T2WI  with  corresponding  gadolinium- 
contrast  enhancement  are  seen  in  the  marrow 
and  soft  tissues  superficial  to  the  periosteal 
bone  formation  secondary  to  Inflammatory 
and  edematous  changes  from  prostaglandin 
production  by  the  lesion. 
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Rg,  10.9  A 13-year-old  boy  with  a fibrous  cortical  defect  Involving  the  posterior  medial  tibia  In  the  dlmetaphysoal  region.  Anteroposterior  radiograph 
(a)  shows  an  oval  sharply  marginated  nadiolucent  zone  in  the  cortex  surrounded  by  a thin  rim  of  sderotic  bone  (arrow).  Centrally,  the  lesion  has  low- 
intermediate  signal  on  axial  Tl-welghted  imaging  (airow)  (b)  similar  to  rnusde,  and  Intermediate  to  slightly  high  signal  on  axial  fat  saturation  T2- 
wekjhted  imaging  (arrow)  (c).  A thin  zone  of  low  signal  Is  seen  at  tire  medullary  border  of  the  lesion. 
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Rg,  10.10  Nonosslfyfng  fibroma  In  tire  marrow  of  tire  proximal  fibula  of  a 15-year-old  girl.  Oblique  radiograph  (a)  shows  a circumscribed  radlolueent 
intramedullary  lesion  associated  with  thinning  and  expansion  of  the  outer  cortical  maigins  (arrow).  The  lesion  has  mostly  low  signal  centrally 
surrounded  by  thin  zones  with  high  signal  (arrow)  on  sagittal  fat-suppressed  (PS)  12-weighted  imaging  (b)  and  gadolinium-aonbast  enhancement  on 
sagittal  PS  Tl-welghted  Imaging  (c).  The  lesion  expands  and  thins  the  outer  cortical  margins. 
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Table  10.1  (Cont.)  Lesions  tvwMng  the  outer  surface  of  bone 

Abnormalities 

MRI  findings 

Comments 

Cortical  desmoid 
(►  Fig.  10.11) 

Cortical  desmoids  are  located  at  die  bone  coitex  at  die 
distal  posterior  medial  portions  of  tire  femur,  and  usually 
have  low  to  intermediate  signal  on  T1WI  and  PDWI,  and 
Intermediate  to  slightly  high  signal  on  T2WI,  and  slightly 
high  to  high  signal  on  FS 12WI.  A thin  border  of  low  signal 
on  T1WI  and  T2WI  is  often  seen  at  die  inner  margin  of  the 
lesion  which  corresponds  to  a tiiln  zone  of  sclerosis  seen  on 
plain  films  and/or  computed  tomography  (Cl).  Bone 
marrow  deep  and  peripheral  to  die  lesion  may  have  slightiy 
high  signal  on  FS  T2WI.  After  Gd-contiast  administration, 
enhancement  can  be  seen  at  the  lesion  and  occasionally  in 
the  adjacent  marrow. 

Cortical  desmoids  (also  referred  to  as  periosteal  desmoid  or 
distal  femoral  cortical  iiregularity)  are  fibrous  defects  at  the 
distal  posteromedial  femur,  which  may  ar* ise  from  an  avulsive 
Injury  or  stiess  reaction  at  the  Insertion  site  of  the  medial 
head  of  the  gastrocnemius  musde  or  adductor  magnus. 
Similar-appearing  irregularities  of  bone  cortex  at  sites  where 
other  tendons  attach  to  bone  are  referred  to  as  tug  lesions. 

Osteoma 
(►Fig.  10.12) 

Typically  appear  as  well-drcumscribed  zones  of  devise  bone 
with  low  signal  on  T1WI,  PDWI,  12WI,  and  FS  T2W1.  No 
Infiltration  Is  seen  Into  the  adjacent  soft  tissues  by  osteomas. 
Zones  of  bone  destruction  or  associated  soft  tissue  mass- 
lesions  are  not  associated  with  osteomas.  Periosteal  reaction 
is  not  associated  with  osteomas  crept  in  cases  with 
coincidental  antecedent  trauma. 

Benign  primary  bone  tumors  composed  of  dense  lamellar, 
woven,  and/or  compact  cortical  bone  usually  located  at  the 
surface  of  bones.  Multiple  osteomas  usually  occur  in  Gardner 
syndrome,  which  Is  an  autosomal  dominant  disorder  that  Is 
associated  with  Intestinal  polyposis,  fibromas,  and  desmoid 
tumors.  Account  for  less  than  1%  of  primary  benign  bone 
tumors.  Occur  In  patients  age  16  to  74  years,  most  frequent 
In  sixth  decade. 

Parosteal  lipoma 
(►  Fig.  10.13) 

Fatty  lesions  often  have  smooth  and  sometimes  lobular 
margins,  and  are  immediately  adjacent  to  the  outer  Intact 
surface  of  adjacent  bone.  Lesions  typically  have  fat  signal  on 
magnetic  resonance  imaging  (MRI),  as  well  as  zones  of  low 
signal  on  T1WI  and  T2WI  from  fibrous  changes  and 
ossification  changes  that  can  occur  within  these  lesions  and 
at  the  junction  with  bone  cortex.  Zones  with  intermediate 
signal  on  T1WI  and  high  signal  on  T2WI  can  occur  in  these 
lesions  secondaiy  to  cartilaginous  contents. 

Rare  benign  slow-growing  painless  tumors  with  mature 
adipose  tissue  associated  with  the  periosteum  of  bone. 
Account  for  0.3%  of  lipomas,  typically  occur  in  patients  40  to 
60  years  of  age.  Common  sites  include  the  femur,  proximal 
radius,  tibia,  and  humerus.  Other  sites  have  been  reported. 
May  be  assodated  with  compression  of  adjacent  nerves 
causing  sensory  or  motor  defidts. 

(continued  on  poge  324) 

Fig.  10. 11  A 10-ycar-old  girl  with  a corti- 
cal desmoid  at  the  distal  dorsal  aspect  of 
die  femur  medially  adjacent  to  die  inser- 
tion of  die  medial  gastrocnemius  musde 
tendon.  Sagittal  (a)  and  axlai  (b)  com- 
puted tomographic  Images  show  cortical 
Irregulailty  at  coitical  desmoid  (arrow), 
which  has  low-intermediate  signal  (arrow) 
on  coronal  (c)  T1- weighted  imaging  and 
high  signal  (airow)  on  axial  fat-suppres- 
sed12-weighted  Imaging  (d). 
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Fig. 10. 12  Well-dncumscrlbed  osteoma 
involving  the  outer  surface  of  the  femur 
(arrow)  as  seen  on  anteroposterior  radio- 
graph (arrow)  (a).  The  osteoma  has  low 
signal  (arrows)  on  coronal  fat  suppressed 
Unweighted  Imaging  (b)  axial  T1- 
welghted  Imaging  (c),  and  postaontrast 
fat-suppressed  axial  Tl-weighted 
imaging  (d). 


a 

Fig.  10.13  Well-circumscribed  parosteal  lipoma  Involving  the  outer  surface  of  the  proximal  radius  femur  (arrow)  as  seen  on  sagittal  (a)  and  axial  (b) 
Tl-weighted  Imaging.  The  fat  signal  of  the  lipoma  Is  suppressed  on  axial  fat-suppressed  T2-welghted  Imaging  (arrow)  (c). 
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Table  10.1  (Cont.)  Lesions  bvwMng  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

MelorheoSttrsls 
(►  Fig.  10.14) 

MR1  signal  varies  based  on  the  relative  proportions  of 
mineralized  osteoid,  chondroid.  and  soft  tissue  components 
in  these  lesions.  Mineralized  osteoid  zones  along  bone 
cortex  typically  have  low  signal  on  T1WI  and  T2WI,  no  Gd- 
contrast  enhancement  Soft  tissue  lesions  may  also  occur 
adjacent  to  the  cortical  lesions,  which  have  mined  signal  on 
T1WI  and  T2WI. 

Metarheostosls  Is  a rare  bone  dysplasia  with  cortical 
thidcening  that  has  a "flowing  candle  wax"  configuration. 
Associated  soft  tissue  masses  occur  in  approximately  25%. 
The  soft  tissue  lesions  often  contain  mixtures  of  chondroid 
material,  mineralized  osteoid,  and  fibrovascular  tissue. 

Heterotopic  ossification 
(►  Fig.  10.15) 

long-standing  lesions  can  have  variable  low  to  intermediate 
signal  on  T1  Wl.  PDWI.  and  T2WI  depending  on  the  degree  of 
mineralizadon/ossifkadon.  fibrosis,  and  hemosiderin  depo- 
sition. Zones  of  high  signal  on  T1WI  and  T2WI  may  occur 
from  fatty  marrow  metaplasia.  Gd-contiast  enhancement  In 
old  mature  lesions  is  often  minimal  or  absent  Signal 
abnormalities  within  bone  marrow  are  usually  absent 

Represents  localized  nonneoplastic  reparative  lesions  in  soft 
tissues  separate  or  adjacent  to  bone,  which  are  composed  of 
reactive  hypencellular  fibrous  tissue,  carriage,  and/or  bone. 
Can  arise  secondary  to  trauma  (myositis  ossificans  circum- 
scripta, ossifying  hematoma),  although  may  also  occur 
without  a history  of  prior  injury  (pseudomalignant  osseous 
tumor  of  the  soft  tissues). 

(continued  on  page  326) 


Fig.  10.14  Melorheostosls  with  cortical  bone  thickening  at  the  anterior  surfaee  of  the  tibia  and  endosteal  surface  as  seen  on  lateral  radiograph  (a), 
which  has  low  signal  on  sagittal  Tl-weighted  Imaging  (b),  and  axial  fat-suppressed  T2jwelghted  Imaging  (c). 
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Fig,  10. 15  A 36-year-old  man  with  heter- 
otopic ossification/myositis  ossificans 
involving  the  proximal  medial  thigh  adja- 
cent to  the  femur.  Radiograph  (a)  shows  a 
thiclened  lamellar  type  of  extraosseous 
bone  formation  adjacent  to  the  outer 
cortical  margin  (arrow)  separated  by  a 
thin  radiolucent  zone.  Adjacent  bone 
cortoxand  medullary  bone  are  nonnal  in 
appearance.  The  lesion  has  low  and 
intermediate  signal  on  coronal  (b)  and 
axial  (c)  Tl-weighted  imaging  (arrow),  and 
heterogeneous  slightly  high  and  high 
signal  on  axial  (d)  fat-suppressed  12- 
weighted  imaging  (arrow). 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surface  of  bone 


Abnormalities  MRI  findings 


Comments 


Schwannoma 
(►  Fig.  10.16) 


Neurofibroma 
(►  Fig.  10.17; 
► Fig.  10.18) 


Schwannomas  are  circumscribed  ovoid  or  fusifonn  lesions 
with  low-intermediate  signal  on  T1  Wl,  intermediate  signal 
on  PDWI,  and  intennediate  to  high  signal  onT2WI  and  FS 
T2WI.  After  Gd-contrast  administration,  lesions  typically 
show  moderate  to  prominent  enhancement.  Schwannomas 
involving  spinal  nerve  roots  may  be  associated  with  chronic 
erosive  changes  of  adjacent  vertebrae.  Lesions  may  show 
signal  heterogeneity  on  T2WI  and  heterogeneous  Gd- 
contrast  enhancement  secondary  to  cystfonnation,  hem- 
orrhage, fibrous/collagenous  zones,  and/or  dense  cellularity. 
Signal  heterogeneity  on  T2WI  tends  to  occur  frequently  in 
large  schwannomas.  Malignant  schwannomas  (malignant 
peripheral  nerve  sheath  tumors)  can  be  large  lesions  that 
have  heterogeneous  signal  on  T1WI,  T2WI,  and  FS  T2WI;  as 
well  as  heterogeneous  Gd-contrast  enhancement  because  of 
necrosis  and  hemorrhage.  These  tumors  can  have  irregular 
margins  and  associated  invasion  of  adjacent  structures. 
Localized  neutvpbromas  are  circumscribed  ovoid  or  fusifonn 
lesions  with  low-intermediate  signal  onTIWI  and  intenne- 
diate  to  high  signal  on  T2WI  and  FS  T2WI.  After  Gd-contrast 
administration,  lesions  typically  show  moderate  to  promi- 
nent enhancement.  Large  lesions  may  show  signal  hetero- 
geneity on  T2WI  and  heterogeneous  Gd-contrast 
enhancement.  Neurofibromas  involving  spinal  nerve  roots 
may  have  a dumbbell  shape  with  or  without  associated 
chronic  erosive  changes  of  adjacent  vertebrae. 

Plexiform  neurofibromas  appear  as  curvilinear  and  multi- 
nodular lesions  involving  multiple  nerve  branches.  Lesions 
usually  have  low  to  intermediate  signal  on  T1  Wl;  and 
intermediate,  slightiy  high  to  high  signal  on  T2WI  and  FS 
T2WI  with  or  without  bands  or  strands  of  low  signal.  On 
T2WI,  lesions  may  show  nodules  with  high  signal  surround- 
ing a aentral  region  of  low  signal  referred  to  as  a “target 
sign."  Lesions  typically  show  Gd-contrast  enhancement  in  a 
heterogeneous  pattern.  Lesions  can  be  associated  with 
remodeling  of  adjacent  bone. 


Benign  encapsulated  tumors  that  contain  differentiated 
neoplastic  Schwann  cells.  Multiple  schwannomas  are  often 
associated  with  neurofibromatosis  type  2 (NF2).  Account  for 
5%  of  benign  primary  soft-tissue  tumors  and  3%  of  all 
primary  soft-tissue  tumors.  Occurs  in  patients  age  22  to  72 
years,  mean  -46  years.  Peak  incidence  is  in  the  fourth  to 
sixth  decades.  With  NF2,  many  patients  present  in  the  third 
decade  with  bilateral  vestibular  schwannomas. 


Benign  tumors  of  the  peripheral  nerve  sheath  that  contain 
mixtures  of  Schwann  cells,  perineural-like  cells,  and  inter- 
lacing fascicles  of  fibroblasts  associated  with  abundant 
collagen.  Unlike  schwannomas,  neurofibromas  lack  Antoni  A 
and  B regions  and  cannot  be  separated  pathologically  from 
the  underlying  nerve.  Neurofibromas  can  be  localized  lesions 
(90%),  or  occur  as  diffuse  or  plexiform  lesions.  The  presence 
of  multiple  neurofibromas  is  a typical  feature  of  neuro- 
fibromatosis type  1 (NF1),  which  is  an  autosomal  dominant 
disorder  resulting  in  mesodermal  dysplasia  affecting  multiple 
organ  systems.  Plexiform  neurofibromas  are  associated  with 
an  increased  risk  of  malignant  transformation  into  malignant 
peripheral  nerve  sheath  tumors.  Solitary  neurofibromas 
account  for  5%  of  primary  benign  soft  tissue  tumors  and  3% 
of  all  primary  soft  tissue  tumors.  Lesions  occur  in  patients  16 
to  66  years  of  age  (mean  -37  years).  Neurofibromas  can  also 
occur  in  younger  children  and  older  adults.  NF1  often 
presents  in  childhood. 


(continued  on  page  328) 
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Flg.10.16  Schwannoma  adjaaent  to  die 
outer  surface  of  the  tibia  (arrow)  as  seen 
on  axial  fat-suppressed  (FS)  T2-welghted 
Imaging  (a),  lhe  lesion  shows  prominent 
gadolinium-aontiast  enhanaement  on 
axial  FS  Tl-welghted  Imaging  (b). 


Fig.  10.17  Neurofibroma  within  the  spinal 
canal  at  the  L2  level  resulting  In  remod- 
eling of  the  adjaaent  vertebra  (arrow)  as 
seen  on  sagittal  T2-weighted  imaging  (a) 
and  axial  postcontrast  fat-suppressed  Tl- 
welghted  Imaging  (b). 


Fig. 10. IS  Plexifonn  neurofibroma  in  die 
posterior  left  scalp  and  upper  ned< 
resulting  in  remodeling  of  the  occipital 
bone  as  seen  on  axial  12-weighted  imag- 
ing (a)  and  axial  posftcontrast  fat-sup- 
pressed Tl-welghted  Imaging  (b). 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surface  of  bone 


Abnormalities  MRI  findings 


Comments 


Giant  cell  tumor  of 
tendon  sheath 
(i  Fig.  10.19) 


Glomus  tumor 
(►  Fig.  10.20) 


Nonmalignant  giant 
cell  tumor  eroding 
through  bone  cortex 
(►  Fig.  10.21) 


Lesions  usually  have  well-defined  margins  and  are  often 
adjacent  to  a tendon/tendon  sheath.  Lesions  can  be  ovoid  or 
multilobulated  and  usually  have  low-intermediate  or  inter- 
mediate signal  on  T1  Wl  and  PDWI  that  is  often  similar  to  or 
less  than  that  of  muscle.  On  T2WI  and  FS  T2WI,  lesions  can 
have  mixed  low,  intermediate,  and/or  high  signal.  Zones  of 
low  signal  on  T2WI  often  correspond  to  sites  of  hemosiderin 
deposition.  Lesions  often  show  Gd-contrast  enhancement  in 
either  a homogeneous  or  a heterogeneous  pattern.  Erosions 
of  adjacent  bone  can  be  seen  with  some  lesions. 


Glomus  tumois  are  well-circumsciibed  ovoid  lesions  meas- 
uring less  than  1 cm  and  are  often  located  under  the  nail 
beds  at  the  distal  phalanges  of  fingers  and  toes.  Glomus 
tumors  often  have  low-intermediate  signal  on  T1  Wl  and 
PDWI,  high  signal  T2WI  and  FS  T2WI.  A thin  rim  of  low  signal 
on  T2WI  may  be  seen  secondary  to  a capsule  from  reactive 
tissue  surrounding  the  glomus  tumor.  Lesions  typically  show 
Gd-contrast  enhancement.  MRI  can  show  erosion  of  the 
underlying  bone. 

Usually  well-defined  intraosseous  lesions  with  thin  low  signal 
margins  on  T1WI,  PDWI.  and  T2WI.  Solid  portions  of  giant 
cell  tumors  often  have  low  to  intermediate  signal  on  T1  Wl 
and  PDWI,  intermediate  to  high  signal  on  T2WI,  and  high 
signal  on  FS  PDWI  and  FS  T2WI.  Signal  heterogeneity  on 
T2Wi  is  not  uncommon.  Zones  of  low  signal  on  T2WI  and 
T2*WI  imaging  may  be  seen  secondary  to  hemosiderin. 
Aneurysmal  bone  cysts  can  be  seen  in  14%  of  giant  cell 
tumors,  resulting  in  cystic  zones  with  variable  signal  and 
fluid-fluid  levels.  After  Gd-contrast  administration,  mild  to 
prominent  enhancement  of  the  solid  intraosseous  portions 
of  the  lesions  is  seen,  as  well  as  peripheral  rimlike 
enhancement  around  cystic  zones/aneurysmal  bone  cysts. 
Contrast  enhancement  is  usually  seen  in  the  extraosseous 
portions  of  the  tumors.  Poorly  defined  zones  of  enhance- 
ment and  high  signal  on  FS  T2WI  may  also  be  seen  in  the 
marrow  peripheral  to  the  portions  of  the  lesions  associated 
with  radiographic  evidence  of  bone  destruction,  indicating 
reactive  inflammatory  and  edematous  changes  associated 
with  elevated  tumor  prostaglandin  levels. 


Giant  cell  tumors  of  the  tendon  sheath  (also  referred  to  as 
nodular  synovitis)  and  pigmented  villonodular  synovitis  are 
benign  proliferative  lesions  of  synovium  (tendon  sheaths, 
joints,  and  bursae).  Giant  cell  tumors  of  the  tendon  sheaths 
can  occur  as  localized  nodular  lesions  attached  to  tendon 
sheaths  outside  of  joints  (hands,  feet)  or  within  joints 
(infrapatellar  portion  of  knee  joint);  or  as  a diffuse  form  near/ 
outside  of  laige  joints  such  as  the  knee  and  ankle.  Giant  cell 
tumors  of  the  tendon  sheath  represent  4%  of  benign  soft- 
tissue  tumors  and  2%  of  all  soft  tissue  tumors.  Occur  in 
patients  age  6 to  71  years,  mean  - 39  to  46  years  with  peak 
ages  in  third  to  fourth  decades. 

Benign  mesenchymal  hamartomas  that  are  composed  of 
round  cells  derived  from  the  neuromyoarterial  apparatus 
(glomus  bodies),  which  regulate  arteriolar  blood  flow  to  the 
skin  related  to  temperature. 


Aggressive  bone  tumors  composed  of  neoplastic  ovoid 
mononuclear  cells  and  scattered  multinudeated  osteoclast- 
like giant  cells  (derived  from  fusion  of  marrow  mononuclear 
cells).  Up  to  10%  of  all  giant  cell  tumors  are  malignant 
Benign  giantcell  tumors  account  for  approximately  5 to  9.5% 
of  all  bone  tumors  and  up  to  23%  of  benign  bone  tumors. 
Occurs  in  patients  age  4 to  81  years  (median  = 30  years),  75% 
occur  in  patients  between  the  ages  of  1 5 and  45  years. 


(continued  on  page  330) 
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Flg.10.20  Glomus  tumor  (arrows)  under 
the  fingernail  has  high  signal  on  axial  fat- 
suppressed  (FS)  12-weighted  Imaging  (a) 
and  gadolinium-contrast  enhancement  on 
axial  FS  Tl-weighled  imaging  (b).  The 
lesion  erodes  die  cortical  margin  of  die 
adjacent  phalanx. 


Fig.  10.21  Giantcell  tumor  of  bone  Involving  the  distal  radius.  The  intramedullary  lesion  erodes  cordcal  bone  and  extends  Into  the  extraoasesous  soft 
tissues  (arrows).  The  lesion  shows  prominent  gadolinium-contrast  enhancement  on  sagittal  fat-suppressed  T1  -weighted  imaging  (F5T1WI)  (a)  and  has 
intennediale  signal  on  axial  T1WI  (b)  and  high  signal  on  FS  12-weighled  imaging  (c). 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surfaae  of  bone 


Abnormalities 

MRI  findings 

Comments 

Inflammatory  lesions 

Myositis/aellulitis  asso- 
ciated with  infection  of 
bone 

( Fig.  10.22) 

Irregular  poorly  defined  aones  with  slightly  high  to  high 
signal  on  T2WI  and  FS  T2WI  are  typically  seen  with  Gd- 
contrast  enhancement.  Circumscribed  zones  with  high 
signal  on  T2WI  and  FS  T2WI  may  also  be  seen  with  abscess 
fonnation. 

Infection  of  soft  tissues  can  result  in  erosion,  destruction, 
and  invasion  of  adjacent  bone. 

Osetomyelitis 
( Fig.  10.23) 

Periosteal  reaction  associated  with  osteomyelitis  is  seen  as  a 
peripheral  rim  of  high  signal  on  T2WI  and  FS  T2WI  and  Gd- 
contrast  enhancement  on  FS  T1WI  adjacent  to  the  low  signal 
of  coitical  bone.  A periosteal  reaction  associated  with 
osteomyelitis  is  seen  as  a peripheral  rim  of  high  signal  on 
T2Wi  and  FS  T2Wi  and  Gd-contrast  enhancement  on  FS 
T1WI  adjacent  to  the  low  signal  of  cortical  bone.  A 
subperiosteal  abscess  with  high  signal  on  T2WI  and  FS  T2WI 
can  often  be  seen  elevating  a single  low  signal  thin  band  of 
periosteum.  Within  the  underlying  man-ow,  poorly  defined 
aones  with  high  signal  onT2WI  and  FS  T2WI  and  Gd-contrast 
enhancement  are  seen  with  or  without  associated  aones  of 
coitical  destruction. 

Osteomyelitis  refers  to  infection  of  bone  and  can  result  from 
hematogenous  spread  of  micro-organisms,  trauma-direct 
inoculation,  extension  from  adjacent  tissues,  and  complica- 
tions from  surgery.  Stopbyfococcifs  aureus  and  Sin^tococrus 
pyogenes  are  the  most  common  bacterial  infections  involving 
bone.  Osteomyelitis  can  also  result  from  other  bacteria  as 
well  as  from  tuberculosis,  fungi,  parasites,  and  viruses. 

Chronic  recurrent  mul- 
tifocal osteomyelitis 
( Fig.  10.24) 

Multifocal  lesions  that  occur  in  metaphyses  of  tubular  bones 
(distal  femur,  proximal  and  distal  tibia  and  fibula),  clavicles, 
and  vertebrae.  Radiographs  show  radiolucent  and/or  scle- 
rotic osseous  lesions  with  proliferative  periosteal  bone 
fomiation.  MRI  shows  heterogeneous  abnormal  high  signal 
on  FS  T2WI  in  marrow  and  periosteal  soft  tissues  with  Gd- 
contrast  enhancement. 

Painful  inflammatory  osseous  disorder  of  unknown  cause 
with  histopathology  of  acute  and  chronic  osteomyelitis 
without  identification  of  infectious  agent,  diagnosis  of 
exclusion.  Usually  occurs  in  children  and  adolescents, 
median  age=  10  years,  F 85%/M  15%.  Multiepisodic  skeletal 
disorder  of  unknown  cause  that  can  occur  over  7 to  25  years. 
Treatment  of  symptoms  with  NSAIDS.  Can  be  associated 
with  acne  vulgaris  or  palmoplantaris  pustulosis  SAPHO 
(synovitis,  acne,  pustulosis,  hyperostosis,  osteitis). 

Syndromes  of  hyperos- 
tosis, osteitis,  and  skin 
lesions  (SAPHO  syn- 
drome) 

Periosteal  elevation  with  cortical  thickening  can  be  seen  as 
well  as  syndesmophyte  formation  at  one  or  multiple 
vertebral  levels. 

Syndrome  that  includes  abnormalities  such  as  synovitis, 
acne,  pustulosis,  hyperostosis  with  periosteal  proliferation 
(sternum,  clavicle,  anterior  ribs,  symphysis  pubis,  femur, 
sacrum,  iliac  bones)  and  osteitis  at  the  chest  wall. 

(continued  on  page  332) 
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Fig, 10. 22  Myositis  with  abnormal 
increased  signal  on  12WI  and  contrast 
enhancement  of  muscles  and  other  soft 
tissues  at  die  shoulder  wftii  erosion  of 
cortical  bone,  intraosseous  extension, 
periosteal  reaction*  and  subperiosteal 
abscess  (arrow)  as  seen  on  axial  T2- 
weighted  imaging  (a)  and  postcontrast 
axial  fat-suppressed  T1  -weighted 
imaging  (b). 


4? 


Fig.  10. 23  An  11-ycar-old  male  wltii 
osteomyelitis  involving  the  metadiaphy- 
seal  and  epiphyseal  portions  of  tiie  proxi- 
mal fibula.  The  infection  is  seen  as  poorly 
defined  zones  of  gadolinium-contrast 
enhancement  In  the  marrow  assodated 
with  periosteal  elevation  and  poorfy 
defined  zones  of  gadolinium-contiast 
enhancement  In  the  adjacent  soft 
tissues  on  coronal  (a)  and  axial  fat- 
suppressed  Tl-weighted  imaging 
(arrow)  (b). 


Fig.  10.24  Chronic  recurrent  multifocal  osteomyelitis  involving  the  davide.  Radiograph  shows  diffuse  cortical  thickening  (arrow)  (a).  Heterogeneous 
low  and  Intermediate  signal  on  Tl-welghted  Imaging  (T1WI)  (airow)  (b)  and  heteiogenenous  gadolinium-contiast  enhancement  on  fat-suppressed 
T1WI  (arrow)  (c)  are  seen  involving  the  cortex  and  marrow. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surfaae  of  bone 


Abnormalities  MRI  findings 


Comments 


Eosinophilic  granuloma 
eroding  through  bone 
cortex 

(i  Fig.  10.25) 


Focal  intramedullary  lesion(s)  associated  with  trabecular  and 
cortical  bone  destruction,  which  typically  have  low-inter- 
mediate  signal  onTIWI  and  PDWI;  and  heterogeneous 
slightly  high  to  high  signal  on  T2WL  Poorly  defined  zones  of 
high  signal  on  T2WI  are  usually  seen  in  the  marrow 
peripheral  to  the  portions  of  the  lesions  associated  with 
radiogiaphic  evidence  of  bone  destruction,  indicating 
reactive  inflammatory  and  edematous  changes.  Extension  of 
lesions  from  the  marrow  into  adjacent  soft  tissues  through 
areas  of  cortical  disruption  are  commonly  seen  as  well  as 
linear  periosteal  zones  of  high  signal  on  T2WI.  Lesions 
typically  show  prominent  Gd-contrast  enhancement  in 
marrow  and  in  extraosseous  soft  tissue  portions  of  the 
lesions. 


Single  or  multiple  eosinophilic  granulomas  are  benign 
tumor-like  lesions  consisting  of  Langerhans  cells  (histiocytes) 
and  variable  amounts  of  lymphocytes,  polymoiphonuclear 
cells,  and  eosinophils.  Account  for  1 % of  piimaiy  bone 
lesions  and  8%  of  tumor-like  lesions,  5 to  20  per  1,000,000 
children  per  year  in  the  United  States.  Occurs  in  patients  age 
1 to  60  years,  median  - 1 0 years,  average  - 13.5  years,  peak 
incidence  is  between  5 and  1 0 years,  80  to  85%  occur  in 
patients  less  than  30  years,  and  60%  occur  in  children  less 
than  1 0 years. 


Rheumatoid  pannus 
adjaaent  to  and  erod- 
ing bone 
(►  Fig.  10.26) 


Most  common  type  of  inflammatory  arthropathy,  which 
results  in  synovitis  causing  destructive/erosive  changes  of 
caitilage,  ligaments,  and  bone.  Cervical  spine  involvement  in 
two  thirds  of  patients,  juvenile  and  adult  types. 

and  FS  T2WI)  in  joints  and  at  atlanto-dens  articulation 
results  in  erosions  of  dens  and  transverse  ligament.  ± 
destruction  of  transverse  ligament  with  Cl  on  C2  sub- 
luxation and  neural  compromise. 


Erosions  of  intra-articular  bone  vertebral  endplates,  spinous 
processes,  and  uncovertebral  and  apophyseal  joints. 
Irregular  enlarged  enhancing  synovium  (pannus  low-inter- 
mediate signal  on  T1  Wl,  intermediate-high  signal  on  T2WI 


(continued  on  page  334) 
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Rg.  10.25  Eosinophilic  granuloma  involving  the  distal  humerus  in  a 5-year-old  boy.  Anteroposterior  radiograph  shows  a radiolucent  intramedullary 
lesion  with  irregular  margins,  cortical  disruption,  and  single  layer  of  smooth  perlosbaal  reaction  (a).  A zone  of  disruption  of  die  periosteum  is  seen 
laterally  at  the  radial  aspect  (arrow).  Magnetic  resonance  Imaging  shows  an  Intramedullary  poorly  defined  lesion  with  heterogeneous  slightly  high  to 
high  signal  on  coronal  fat-suppressed  12- weighted  imaging  (FS  T2WI)  (b)  and  corresponding  gadolinium-contrast  enhancement  on  coronal  FS  T1- 
weightod  imaging  (c).  Extension  of  die  lesion  from  the  marrow  into  adjacent  soft  dssues  is  seen  through  areas  of  cortical  disruption.  Zones  of  high 
signal  on  FS  TZWI  and  gadollnlum-contiast  enhancement  are  seen  superficial  and  deep  to  die  elevated  periosteum,  which  is  seen  as  a linear  zone  of 
low  signal. 


Fig.  10.26  Rheumatoid  artiiritis  at  the  shoulder  with  pannus  eroding 
die  humerus  as  seen  on  sagittal  fat-suppressed  12-weighted  imaging. 
Pannus  is  seen  as  poorly  defined  thictaied  synovium  with  mined 
Intermediate,  slightly  high  and  low  signal.  A large  joint  fluid  collection 
is  also  present 


Lesions  Involving  Bones 


Table  10.1  (Cont)  Lesions  involving  the  ouler  surfaae  of  bone 


Abnormalities  MRI  findings 


Comments 


Gout 

(►  Fig.  10.27) 


Pigmented  villonodular 
synovitis  (PVNS) 

(►  Fig.  10.28) 


Tophi  have  variable  sizes  and  shapes  and  often  have  low- 
intermediate  signal  on  T1  Wl.  F5  T2WI,  and  T2WI.  Zones  of 
high  signal  on  T2WI  can  be  seen  secondaiy  to  regions  with 
increased  hydration  and  proteinaceous  zones  associated 
with  the  deposits  of  urate  crystals.  Erosions  of  bone,  synovial 
pannus,  joint  effusion,  bone  marrow  and  soft  tissue  edema 
can  be  seen  with  MRI.  Tophi  may  be  associated  with 
heterogeneous,  diffuse,  or  peiipheral/marginal  Gd-contrast 
enhancement  patterns.  Contrast  enhancement  seen  with 
tophi  is  likely  secondary  to  the  hypervascular  granulation 
tissue  and  reactive  inflammatoiy  cells  in  the  synovium  and / 
or  adjacent  soft  tissues. 


Often  appears  as  irregular,  multinodular,  and/or  irregular 
thickening  of  synovium  with  low  or  low-intermediate  signal 
on  T1WI  and  T2WI.  Solitary  nodular  lesions  can  also  occur. 
Areas  of  low  signal  on  T2WI  and  T2*WI  in  lesions  are 
secondaiy  to  hemosiderin.  Joint  effusions  are  usually 
piesent,  rarely  with  fluid-fluid  levels.  PVNS  usually  shows  Gd- 
contrast  enhancement  in  homogeneous,  heterogeneous, 
and/or  septal  patterns. 


Inflammatory  disease  involving  synovium  resulting  from 
deposition  of  monosodium  urate  crystals  when  serum  urate 
levels  exceed  its  solubility  (7  mg/dL  in  men  and  6 mg/dL  in 
women)  in  various  tissues  and  body  fluids.  Can  be  a primary 
disorder  (inherited  metabolic  defects  in  purine  metabolism 
or  abnormal  renal  tubular  secretion  of  urate)  or  secondary 
disorder  (alcohol  or  medications  such  as  thiazide  diuretics, 
salicylates,  cyclosporine)  that  resulhs  from  diminished  renal 
excretion  of  uric  acid  salts,  or  from  increased  metabolic 
turnover  of  nucleic  acids  associated  with  malignancy, 
chemotherapy,  endocrine,  vascular,  and/or  myelo- 
proliferative diseases.  Prevalence  of  gout  ranges  from  0.5% 
to  2.8%  of  men  and  between  0.1  to  0.6%  of  women  in  the 
United  States.  Accounts  for  5%  of  arthritis  cases.  Usually 
occurs  in  middle-aged  and  elderly  patients. 

Benign  intra-articular  lesions  of  proliferative  synovium 
containing  aones  of  recent  or  remote  hemorrhage.  Similar 
histopathologic  features  with  giant  cell  tumors  of  the  tendon 
sheath.  Account  for<  1%  of  benign  and  all  soft-tissue  tumors. 
Mean  age  - 38  years,  median  age  - 32  years. 


(continued  on  page  336) 
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Fig.  10.27  Gout  Involving  a metatarsal-phalangeal  joint  Osseous  erosions  (airow)  are  seen  on  a radiograph  (a)  from  tophi,  which  have  Intermediate 
signal  on  sagittal  (b)  and  axial  Tl-welghted  Imaging  (d),  heterogeneous  Intermedlate-sllghtty  high  and  high  signal  on  fat-suppressed  (PS)  12-weighted 
imaging  (c).  Only  peripheral  irregular  gadolinium-aontrast  enhancement  is  seen  on  coronal  F5  Tl- weighted  imaging  (e). 


Fig.  10. 2d  Pigmented  viilonodular  synovi- 
tis associated  with  focal  erosions  of  the 
tibia  on  axial  Tl-weighted  imaging  (riWI) 
(a)  in  one  patient  and  involving  the 
talus  and  calcaneus  In  another  on  sagittal 
T1WI  (b). 
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Table  10.1  (Cont.)  Lesions  tovoMng  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

Calcific  tendinitis  erod- 
ing into  bone 
(l  Fig.  10.29) 

Zones  with  slightly  high  and  low  signal  on  T2WI  and  FST2WI 
ane  seen  in  tendons  with  or  without  erosion  of  bone  cortex. 
Intramedullary  zones  with  mixed  tow,  intermediate,  and/or 
high  signal  on  T2WI  and  FS  T2WI  may  be  seen  In  tiie 

Degenerative  disorder  with  amorphous  caldflcatons  In 
tendons  or  bursa  associated  with  erosion  of  adjacent  bone 
cortex,  with  or  without  marrow  invasion.  Most  common  in 
humerus  and  femur  In  patients  16  to  82  years,  average-50 
years. 

Abnormalities  Involv- 
ing the  periosteum 
Noninterrupted  perios- 
teal reaction  from  fiac 
tune 

(►  Fig.  10.30) 


Subperiosteal  hema- 
toma 

(►  Fig.  10.31) 

(continued  on  page  338) 


Noninterrupted  periosteal  reaction  from  stress  fractures  and 
healing  traumatic  fractures  typically  appears  as  a linear  thin 
single  1-  to  2-vnm  band  of  low  signal  superficial  to  bone 
cortex,  which  is  surrounded  by  pooilydeHned  zones  with 
high  signal  on  PS  12WI  and  Gd-contrast  enhancement 
Poorly  defined  intramedullary  zones  with  high  signal  on  F$ 
T2WI  and  Gd-contrast  enhancement  are  usually  seen  in  the 
underlying  bone  marrow.  A thin  linear  radlodense  line  Is 
seen  at  the  elevated  periosteum  7 to  10  days  later. 

Low  signal  thin  bands  of  periosteum  separated  from 
underlying  bone  cortex  can  be  seen  surrounded  by  Irregular 
zones  with  intermediate  to  high  signal  onTTWl  and  FST2WI, 
and  irregular  Gd-contrast  enhancement 


Forty-eight  hours  after  fracture,  exbavasoilar  red  blood  cells 
lyse  causing  an  Intense  Inffammatoiy  reaction  followed  by 
granulation  tissue  In-growth.  Periosteal  reaction  occurs 
when  fibroblasts  are  induced  to  form  osteoblasts  in  the  outer 
periosteal  layer  secondary  to  b auma.  Periosteal  reaction 
occurs  earlier  in  children  compared  with  adults. 


Subperiosteal  hematomas  can  result  from  bone  fractures  or 
avulsion  of  periosteum  near  sites  of  tendinous  Insertions. 


a 


Fig.  10.29  Caldflc  tendonitis  of  the 
suprasplnatus  eroding  Into  the  humerus. 
Anteroposterior  radiograph  (a)  shows  cal- 
cifications In  tiie  suprasplnatus  tendon 
and  within  the  humerus  (arrow).  Zones 
with  low  signal  (arrow)  on  coronal  Tl- 
welghted  Imaging  (T1WI)  (b)  and  hetero- 
geneous low.  Intermediate,  and  high 
signal  on  coronal  fat-suppressed  T2- 
weighted  imaging  (FS  T2WI)  (c)  are  seen 
In  tiie  suprasplnatus  tendon  associated 
with  erosion  of  bone  cortex  and  intra- 
medullary extension.  Intramedullary  zones 
with  mixed  low.  Intermediate,  and/or  high 
signal  on  F5T2Wlare  seen  In  tiie  marrow. 
Poorly  defined  zones  of  gadolinium-con- 
trast enhancement  are  seen  In  the  marrow 
and  tendon  on  coronal  FS  T1WI  (d). 
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a 


Fig.  10.30  Single-layer  periosteal  reaction 
at  tile  site  of  a healing  sbess  fracture 
(arrow)  (a).  A linear,  tiiln  (1  to  2 mm), 
single  band  of  low  signal  superficial  to 
bone  eortex  is  seen  surrounded  by  poorty 
defined  zones  of  intermediate  signal  on 
sagittal  T1 -weighted  imaging  (b)  and  high 
signal  on  sagittal  (c)  and  axial  fat-sup- 
pressed  TC-weighted  imaging  (FS  T2W1) 
(d).  Poorly  defined  intramedullary  zones 
with  high  signal  on  FS  TZWI  are  seen 
within  which  there  is  an  irregular  linear 
zone  of  low  signal. 


Fig.  10.31  Traumatic  fracture  of  die  distal  femur  with  periosteal  elevation  and  subperiosteal  hematoma  (arrows)  as  seen  on  eoronal  (a)  and  axial  fat- 
suppressed  T2-weighted  imaging  (FS  T2WI)  (b).  Focal  disruption  of  the  periosteum  is  also  seen  dorsaliy  on  axial  FS  T7WI  and  axial  post-gadolinium- 
•ontrast  FS  Tl-welghted  Imaging  (c). 
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Table  10.1  (Coni.)  Lesions  tovoMng  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

Hemophilic 

pseudotumor 

Subperiosteal  pseudotumors  elevate  the  perlsoteum  from 
hemonhage  associated  with  cortical  erosion  and  periosteal 
reaction.  Lesions  usually  have  mated  low,  intermediate  and 
high  signal  on  T1WI  and  TZWI,  as  well  as  flluld-flluld  levels. 

lesions  can  occur  within  medullary  bone  or  In  a subper- 
iosteal location,  as  well  as  within  soft  tissues  in  1 to  2%  of 
patients  with  severe  factor  VIII  or  DC  deficiency.  Enlarging 
lesions  may  require  surgical  resection. 

Nonintenupted  perios- 
teal reaction  from  pri- 
mary hypertrophic 
osteoarthropathy 
(pachyderm  opeMosto- 
sis) 

Linear  and/or  irregular  periosteal  and  cortical  thickening 
seen  in  tubular  bones  of  the  extremities  bilaterally  (tibia, 
fibula,  radius,  ulna  are  common  sites,  also  seen  In  other 
bones  and  skull).  Can  involve  epiphyseal,  metaphyseal,  and / 
or  diaphyseal  portions  of  long  bones. 

Rare  clinical  syndrome  in  adolescents  or  adults  with  swollen 
painful  Joints,  enlargement  of  the  extremities  from  osseous 
proliferation  and  periostitis,  dubbing  of  digits,  thickening  of 
skin  of  tire  face  and  scalp  with  evasive  sweating  and 
sebaceous  secretions.  Can  be  hereditary  (autosomal  domi- 
nant wftii  variable  expression)  or  Idiopathic. 

Nonintenupted  perios- 
teal reaction  from  sec- 
ondary hypertrophic 
osteoarthropathy 
(►  Fig.  10.32) 

Smooth,  wavy,  and  or  irregular  peiiosteal  and  cortical 
thickening  seen  In  tire  diaphyseal  and  metaphyseal  portions 
of  long  bones  of  the  upper  and  lower  extremities,  as  well  as 
in  other  bones. 

Ginical  syndrome  with  dubbing  of  the  digits,  periostitis, 
hypertrophic  osteoarthropathy,  sldn  thickening,  limb  swell- 
ing, nail  bed  abnormalities  (sbiations,  increased  curvature) 
related  to  extrasketetal  lesions  involving  the  lungs  (bron- 
chogenic carcinoma,  metastasis,  cystic  fibrosis,  bronchi- 
ectasis, Infection,  lymphoma),  pleura  (mesothelioma), 
abdomen  (biliaiy  atresia,  cirrhosis,  tumors,  ulcerative  colitis. 
Crohn  disease),  heart  (cyanotic  heart  disease),  and  neo- 
plasms at  otiier  sites.  Regression  of  hypertrophic  osteo- 
arthropathy can  oecur  after  thoracotomy  in  patients  with 
thoracic  abnormalities,  even  in  those  without  complete 
removal  of  the  Intrathoradc  lesions. 

Nonintenupted  perios- 
teal reaction  from 
venous  stasis 
(►  Fig.  10.33) 

Smooth  and  wavy  periosteal  and  cortical  thickening  seen  in 
the  diaphyseal  and  metaphyseal  portions  of  long  bones  of 
the  lower  extremities  (tibia,  fibula,  metatarsal  bones, 
phalanges). 

\fenous  stasis  is  associated  with  edematous  changes  in  the 
soft  tissues  as  well  as  soft  tissue  ossification,  periostitis,  and 
cortical  thickening. 

Nonintenupted  perios- 
teal reaction  from 
infantile  cortical  hyper- 
ostosis (Caffey  disease) 

Smooth,  wavy,  and/or  irregular  periosteal  and  cortical 
thickening  seen  in  the  diaphyseal  and  metaphyseal  portions 
of  one  or  multiple  bones. 

Clinical  disorder  that  affects  Infants  less  than  5 months  with 
findings  of  soft  tissue  swelling  (commonly  over  the  mandi- 
ble), fever,  hyperinitability.  and  cortical  hyperostosis  (ribs, 
ulna,  tibia,  fibula,  humerus,  femur,  radius,  metacarpal  and 
metatarsal  bones).  The  clinical  course  is  variable,  but 
regression  of  findings  can  oecur  over  3 to  4 years. 

Nonintenupted  perios- 
teal reaction  from  thy- 
roid acropachy 

Asymmetric,  Irregular,  splculated  periosteal  thickening  seen 
in  the  diaphyseal  portions  of  one  or  multiple  bones 
(metacarpal  and  metatarsal  bones,  phalanges,  other  bones). 

This  dlsoider  represents  an  exbeme  form  of  autoimmune 
thyroid  disease  with  clinical  manifestations  such  as  swelling 
of  tiie  digits  and  toes,  digital  dubbing,  and  periosteal 
reaction.  Thyroid  dermopathy  (pretiblal  myxedema)  occurs 
in  4%  of  patients  with  Craves  ophthalmopathy.  Pronounced 
cases  of  thyroid  denmopathy  can  be  assooated  with  thyroid 
acnopadiy  In  1%  of  patients  with  Graves  opthalmopathy. 

Progressive  diaphyseal 
dysplasia  (Camurati- 
Engelmann  disease) 

Bilateral  syinmetifc  thickening  of  bone  cortex  (both  perios- 
teal and  endosteal  surfaces)  of  the  diaphyseal  portions  of 
long  bones  (sites  of  membranous  bone  formation).  The 
metadiaphyseal  portions  of  long  bones  are  typically  not 
Involved  because  endochondral  bone  fonnation  occurs  in 
these  portions. 

Autosomal  dominant  disorder  with  abnormal  intramembra- 
nous  (periosteal)  bone  formation.  Mutations  Involve  pre- 
mature activation  of  tire  transforming  growth  factor-beta  1 
(TCF-betal)  gene,  which  results  in  hyperostosis  involving  the 
periosteal  and  endosteal  portions  of  long  bones. 

(continued  on  page  340) 
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Flg.10 32  Secondaiy  hypertrophic 
osteoarthropathy  in  a 58-year-old  man 
with  lung  canter  Anterioposterior  (a)  and 
oblique  (b)  radiographs  show  smooth, 
wavy  periosteal  and  coiticai  Hiidaening 
Involving  the  diaphyseal  and  metaphyseal 
portions  of  the  radius  and  ulna. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

Nonintemipted  perios- 
teal reaction  from 
hypeivitaminosis  A 

Smooth  and  wavy  periosteal  and  cortical  thickening  seen  in 
the  diaphyseal  portions  of  one  or  multiple  bones  (ulna, 
metatarsal  bones,  clavicle,  tibia,  fibula,  other  bones). 

Damage  to  the  physeal  plates  can  result  in  inegulaiities  and 
premature  fusion,  as  well  as  splaying  and  cupping  deformi- 
ties of  the  metaphyses.  Smooth  and  wavy  periosteal  and 
cortical  thickening  seen  in  the  diaphyseal  portions  of  one  or 
multiple  bones. 

Vitamin  A intoxication  in  children  can  result  in  anorexia  and 
dennatologic  and  osseous  disorders.  In  children,  damage  to 
the  physeal  plates  may  be  irreversible  despite  cessation  of 
Vitamin  A administration.  In  adults,  anorexia,  weight  loss, 
and  dennatologic  disorders  are  frequently  associated  with 
hypervitaminosis  A.  Vitamin  A deficiency  can  result  in 
anemia,  dermatologic  (dry  and  scaly  skin),  growth  retarda- 
tion, osseous  abnonnalities,  cranial  nerve  and  visual  disor- 
ders. 

Periosteal  reaction 
from  hypovitaminosis  C 
(scurvy) 

In  children,  periosteal  elevation  with  new  bone  fonnation 
can  be  seen  in  the  diaphyseal  and  metaphyseal  portions  of 
one  or  multiple  bones  from  subperiosteal  hemorrhage. 
Metaphyseal  beaklike  bone  protrusions  can  occur  from  the 
abnonnal  aones  of  provisional  calcification  at  the  physeal 
plate,  as  weil  as  subepiphyseal  fractures.  In  adults,  osteo- 
penia with  hemarthrosis  can  be  associated  with  ischemic 
necrosis  and  fractures  with  mild  periosteal  reaction. 

In  young  children,  vitamin  C deficiency  afher  4 to  10  months 
can  result  in  infantile  scurvy  with  clinical  features  including 
failure  to  thrive,  petechial  hemoirhages,  ulcerated  gingiva, 
hematemesis,  melena,  hematuria,  and  anemia.  Clinical 
features  associated  with  adult  scurvy  include  anorexia, 
fatigue,  weakness,  petechial  hemorrhages  involving  gingiva 
and  skin,  hemarthrosis,  osteoporosis,  ischemic  necrosis, 
demiatologic  disoiders  (dry  and  scaly  skin),  growth  retar- 
dation, osseous  and  nerve  disorders. 

Neurofibromatosis 
type  1 

( Fig.  10.34) 

Undulating  aones  of  periosteal  bone  fonnation  can  occur  in 
the  lower  extremities  in  patients  with  NF1 . 

One  of  the  most  common  genetic  diseases  with  the  involved 
locus  on  chromosome  17q12  typically  resulting  in  multiple 
neurofibromas  This  autosomal  dominant  disorder  results  in 
mesodermal  dysplasia  affecting  multiple  oigan  systems.  Can 
result  in  periosteal  proliferation  in  the  long  bones  of  the 
lower  extremities. 

Periostitis  associated 
with  acute/subacute 
bone  infarction 
( Fig.  10.35) 

Acute  and  subacute  bone  infarcts  typically  show  intra- 
medullary zones  with  low-intermediate  signal  on  T1WI  and 
slightly  high  to  high  signal  on  FS  T2W1,  often  with 
heterogeneous  Gd-contrast  enhancement.  Elevation  of  the 
periosteum  surrounded  by  increased  signal  on  F5  T2WI  and 
Gd-contrast  enhancement  on  FS  T1WI  can  also  occur  from 
associated  periostitis. 

Acute  and  subacute  intramedullary  bone  infarcts  can  be 
associated  with  a periostitis  that  can  be  seen  on  MRI. 

(continued  on  page  342) 
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Fig.  10.34  Thickened  irregular  noninteirupted  periosteal  reaction  (arrows)  In  a patient  with  neurofibromatosis  type  1 as  seen  on  anteroposterior 
radiograph  (a).  The  periosteal  bone  formation  has  low  signal  (arrows)  on  coronal  (b)  and  axial  fat-supprmod  12 -weighted  Imaging  (c). 


Fig.  10.35  Subacute  bone  infarct  Involv- 
ing the  diaphyseal  marrow  of  the  femur. 
The  Involved  marrow  (arrows)  has  heter- 
ogeneous intermediate  signal  on  sagittal 
Tl-weighted  Imaging  (T1WI)  (a),  hetero- 
geneous sllghtiy  high  and  high  signal  on 
sagittal  (b)  and  axial  fat-suppressed  12- 
weighted  imaging  (FS  T2WI)  (c)r  and 
shows  gadolinium-contrast  enhancement 
on  axial  FS  T1WI  (d).  A thin  linear  zone 
with  low  signal  is  seen  superficial  to  the 
cortex  representing  elevated  peitosleum, 
which  Is  surrounded  by  aones  of  Gd- 
contrast  enhancement  and  high  signal  on 
FST2WI. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

Malignant  lesions 

Parosteal  osteosarcoma 
( Fig.  10.36) 

Tumors  occur  at  the  surface  of  bone  and  extend  outward 
with  well-defined  and/or  indistinct  margins.  Tumors  typically 
have  mixed  soft  tissue  and  mineralized  components.  The 
mineralized  poitions  of  these  tumors  usually  have  low  signal 
on  T1WI,  PD Wl,  T2WI,  and  FS  PDWI  and  FS  T2WI.  The  soft 
tissue  portions  of  these  tumors  often  have  low-intennediate 
signal  on  T1  Wl,  intermediate  to  slightly  high  or  high  signal 
on  T2WI,  and  high  signal  on  FS  PDWI  and  FS  T2WI.  Areas  of 
hemorrhage,  cystic  change,  and/or  necrosis  with  or  without 
associated  fluid-fluid  levels  may  be  present.  Tumor  exten- 
sion into  the  medullary  space  can  be  seen  in  up  to  50%. 
Nonnecrotic  or  nonmineraliaed  soft  tissue  portions  of  these 
tumors  with  Gd-contrast  usually  show  enhancement  as  well 
as  sites  of  invasion  into  the  medullary  space  and  adjacent 
soft  tissues. 

Malignant  tumor  composed  of  proliferating  neoplastic 
spindle  cells,  which  produce  osteoid  and/or  immature 
tumoral  bone.  Parosteal  osteosarcomas  arise  on  the  external 
surface  of  bone  and  account  for  4 to  6%  of  osteosarcomas, 
occur  in  patients  age  6 to  80  years,  median  = 27  years. 

Periosteal 
osteosarcoma 
( Fig.  10.37) 

Tumors  usually  involve  the  diaphyseal  regions 
(femur>tibia>  humerus>other  bones)  with  associated  cor- 
tical thickening  manifest  as  low  signal  on  T1WI  and  T2WI. 
Tumors  often  have  a broad  base  along  the  outer  cortex 
extending  outward  toward  the  adjacent  soft  tissues. 
Periosteal  reaction,  seen  as  linear  aones  of  low  signal  on 

T1  Wl  and  T2WI,  can  be  associated  with  these  tumors,  as 
well  as  Codman  triangles).  Tumors  often  have  low-interme- 
diate signal  onTIWI  and  heterogeneous  slightly  high  to  high 
signal  onT2WI  and  FST2WI.  Tumor  extension  into  the 
marrow  is  uncommon,  and  when  present  is  usually  seen 
associated  with  a zone  of  cortical  destruction. 

Malignant  tumor  composed  of  proliferating  neoplastic 
spindle  cells,  which  produce  osteoid  and/or  immature 
tumoral  bone.  Periosteal  osteosarcoma  has  been  proposed 
to  represent  a variant  of  parosteal  osteogenic  sarcoma, 
which  contains  cartilaginous  zones.  Account  for  1 to  2%  of 
osteosarcomas,  occur  in  patients  age  1 1 to  57  years, 
median  = 17  to  24  years. 

Chondrosarcoma 
( Fig.  10.38) 

MRI  can  easily  demonstrate  the  thickness  of  cartilaginous 
caps  of  osteochondromas  as  well  as  erosive  and/or 
destructive  changes  involving  osteochondromas.  Cartilage 
cap  thickness  exceeding  2 cm  is  commonly  associated  with 
malignant  degeneration  or  dedifFerentiation  of  osteochon- 
dromas into  secondary  chondrosarcomas.  Secondary  chon- 
drosarcomas from  osteochondromas  and  periosteal 
chondrosarcomas  have  low-intermediate  signal  on  T1WI, 
intermediate  signal  on  PDWI,  and  heterogeneous  infceime- 
diate-high  signal  on  T2WI.  Lesions  show  heterogeneous 
contrast  enhancement,  with  or  without  Gd-contrast 
enhancement  of  adjacent  soft  tissues  suggesting  tumor 
invasion. 

Malignant  tumors  containing  cartilage  formed  within  sar- 
comatous stroma.  Primary  chondrosarcomas  represent 
neoplasms  that  occur  without  preexistent  lesions,  whereas 
secondary  chondrosarcomas  aiise  from  formeily  benign 
cartilaginous  lesions.  Periosleal  chondrosarcomas  are  rare 
malignant  cartilage  tumors  that  occur  on  the  surface  of 
bone.  Acaount  for  12  to  21%  of  malignant  bone  lesions,  21 
to  26%  of  primaiy  sarcomas  of  bone,  5 to  91  years, 
mean  = 40,  median  =26  to  59  years. 

(continued  on  page  344) 
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Fig.  10.36  Parosteal  osteosarcoma  with 
dense  tumoral  ossification  arising  from  a 
stalk  atthe  outer  dorsal  surfaee  of  the 
distal  femur  (arrow)  in  a 19-year-old 
woman  (a).  The  bjirior  has  heterogeneous 
low  and  Intermediate  signal  on  sagittal 
Tl-welghted  imaging  (T1WI)  (b), 
heterogeneous  low  and  slightly  high  on 
sagittal  fat-suppressed  (FS)  T2-weighted 
Imaging  (c),  and  shows  heterogeneous 
Gd-contrast  enhancement  on  sagittal  FS 
T1WI  (d). 


Fig. 1037  A 26-year-old  man  with  a 
periosteal  osteosarcoma  along  the  outer 
anterior  and  medial  margins  of  die 
pnonmai  femur,  which  has  heterogeneous 
low,  slightly  high,  and  high  signal  on 
coronal  fat-suppressed  (FS)  12-weighted 
imaging  (a)r  and  moderate  Gd-contrast 
enhancement  on  axial  FS  Tl-welghted 
imaging  (b). 


Fig.  10.38  Chondrosarcoma  aiising  fiom  an  osteochondroma  at  the  distal  femur  in  an  18-year-old  woman.  The  tumor  has  heterogeneous  slightly  high 
and  high  signal  on  aoronal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  (a),  heterogeneous  Intennedlate  and  high  signal  on  axial  T2WI  (b),  and 
shows  heterogeneous  Gd-contrast  enhancement  on  axial  FS  T1  -weighted  Imaging  (c).  Cortical  destr  uction  and  intramedullary  extension  of  tumor  are 
also  seen. 
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Table  10.1  (Cont.)  Lesions  fcivoMng  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

Hemangloendotiie- 

lioma 

(►  Fig.  10.39) 

intramedullary  tumors  usually  have  sharp  margins  tiiat  may 
be  slightly  lobuiated.  lesions  often  have  low-intermediate 
and/or  high  signal  on  T1WI  and  PDWI,  and  heterogeneous 
Intermediate-high  signal  on  T7W1  and  FS  T2WI  with  or 
witiiout  zones  of  low  signal.  Lesions  can  be  multifocal. 
Extraosseous  extension  of  tumor  through  zones  of  cortical 
destruction  commonly  occur.  Lesions  often  show  prominent 
heterogeneous  Gd-condast  enhancement. 

Low  grade  malignant  vasoformatlve/endothellal  neoplasms 
that  are  locally  aggressive  and  rarely  metastasize,  compared 
witii  tiie  high-grade  endothelial  tumors  such  as  angiosar- 
coma. Account  for  less  than  1%  of  primary  malignant  bone 
tumors.  Patients  range  from  10  to  82  years,  median -36  to 
47  years.  Patients  witii  multifocal  lesions  tend  to  be 
approximately  1 0 years  younger  on  average  than  those  with 
unifocal  tumors. 

Sarcoma  of  soft  dssue 
eroding  into  bone 
( Fig.  10.40) 

Lesions  with  circumscribed  or  Ill-defined  margins  may  be 
assodbted  with  erosions  and/or  focal  destruction  of  adjacent 
cortical  bone  with  or  witiiout  intraosseous  extension  of 
tumor. 

Malignant  tumors  In  extraosseous  soft  tissues  can  erode 
adjacent  cortex  and  extend  Into  the  marrow. 

Intramedullaiy  primary 
sarcoma  eroding 
tiirough  bone  cortex 
(►  Fig.  1041) 

Poorly  defined  and/or  circumscribed  lesions  in  marrow  with 
low-intermediate  signal  onTIWI;  variable  low,  intennediate 
and/or  high  signal  on  T2WI  and  FS  T2WI;  and  vailable  Gd- 
contiast  enhancement  assorted  witii  sites  of  cortical 
destruction  and  exbaosseous  tumor  extension. 

Malignant  primaiy  and  metastatic  tumors  in  marrow  usually 
show  trabecular  bone  destruction  with  frequent  eventual 
cortical  destruction  and  extraosseous  tumor  extension. 

(continued  on  page  346) 


Fig.  10.39  Hemangioendothelioma  In  an 
18-year-old  woman  that  involves  the 
marrow  of  die  distal  tibia  with  cortical 
destruction,  extension  Into  die  anlde  Joint, 
and  invasion  of  die  talus  (arrow)  as  seen 
on  axial  computed  tomography  (a).  The 
tumor  has  Intermediate  signal  on  axial  T1- 
weighted  imaging  (T1W1)  (arrow)  (b). 
heterogeneous  sllghdy  high  signal 
(arrows)  on  sagittal  T2-welghted  Imaging 
(c).  and  shows  contrast  enhancement  on 
coronal  fat-suppressed  T1WI  (d).  Note 
tiiat  another  focus  of  tumor  Is  seen  in  die 
metaphyseal  region. 
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Fig.  10.40  Clear  cell  sarcoma  of  soft  tissue  (formerly  called  malignant  melanoma  of  soft  parts)  Involving  the  deep  soft  tissue  of  the  lower  thigh  In  a 
52-year-old  man.  The  tumor  shows  heterogeneous  gadolinium-contrast  enhancement  on  sagittal  (a)  and  axial  fat-supprssed  T1- weighted  imaging 
(arrows)  (b)  and  has  heterogeneous  mostly  high  signal  on  axial  T 2- weighted  imaging  (c).  The  tumor  is  associated  with  cortical  destruction  and 
Intraosseous  extension. 


Fig. 10.41  A 10-ywr-old  girl  with  Ewing 
sarcoma  Involving  the  proximal  fibula  with 
permeative  medullary  and  cortical  bone 
destruction,  and  discontinuous  periosteal 
elevation  (arrow)  as  seen  on  anteropos- 
terior radiograph,  (a)  Magnetic  resonance 
Imaging  shows  tumor  extension  from  the 
marrow  through  destroyed  cortical  bone 
into  the  adjacent  soft  tissues  and  has 
heterogeneous,  slightly  high  signal  on 
coronal  (b)  and  axial  fat-suppressed  (FS) 
T2-weighted  imaging  (c).  The  tumor 
shows  heterogeneous  Cd-contrast 
enhancement  on  axial  F5  T1 -weighted 
imaging  (d). 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surface  of  bone 

Abnormalities 

MRI  findings 

Comments 

Metastatic  lesions 
(►  Fig.  10.42) 

Metastatic  tumor  within  bone  often  appears  as  intra- 
medullary zones  with  low-intermediate  signal  on  T1WI;  low- 
intermediate  to  slightly^high  signal  on  PDWI;  slightly-high  to 
high  signal  on  T2WI  and  FS  T2WI.  Sclerotic  lesions  often 
have  low  signal  on  T1WI  and  mixed  low,  intennediate,  and/ 
or  high  signal  on  T2WI.  Cortical  destruction  and  tumor 
extension  into  the  extraosseous  soft  tissues  frequently 
occurs.  Pathological  fractures  can  be  associated  with 
metastatic  lesions  involving  tubular  bones  and  vertebrae. 
Lesions  show  varying  degrees  of  Cd-contrast  enhancement 
Periosteal  reaction  can  occasionally  be  seen  but  is 
uncommon. 

Metastatic  lesions  typically  occur  in  the  marrow  with  or 
without  cortical  destruction  and  extraosseous  tumor 
extension.  Metastatic  lesions  occur  rarely  in  the  cortex  alone. 
Metastatic  lesions  infrequently  have  associated  single  or 
multilayered  periosteal  reaction  (<  15  to  21%). 

Myeloma/ 
plasmacytoma 
(►  Fig.  10.43) 

Multiple  myeloma  or  single  plasma  cell  neoplasms  (plas- 
macytoma) are  well-circumscribed  or  poorly  defined,  diffuse 
infiltrative  lesions  involving  marrow,  low-intermediate  signal 
on  T1WI,  intermediate-high  signal  on  T2WI,  usually  show 
Gd-contrast-enhancement,  eventual  cortical  bone  destruc- 
tion, and  extraosseous  extension. 

Malignant  tumors  composed  of  proliferating  antibody- 
secreting  plasma  cells  derived  from  single  clones.  Most 
common  primary  neoplasm  of  bone  in  adults.  Most  patients 
are  older  than  40  years,  median  -60  years.  May  have 
variable  destructive  or  infiltrative  changes  involving  the  axial 
and/or  appendicular  skeleton. 

(continued  on  page  348) 
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Rg.  10.42  Metastatic  lesion  from  melanoma  In  die  marrow  of  the  tiblal  dlaphysls  associated  with  cortical  destruction  and  extraosseous  extension 
(arrow)  as  seen  on  lateral  radiograph  (a)  and  axial  computed  tomography  (b).  The  tumor  has  slightly  high  signal  on  sagittal  fat-suppressed  (FS)  T2- 
welghted  imaging  (c)f  Intermediate  signal  on  axial  Tl-welghted  Imaging  (T1WI)  (d)f  and  shows  Gd -contrast  enhancement  on  axial  FS  T1WI  (e). 


Fig.  10.43  Myeloma  involving  tile  marrow 
of  tiie  proximal  tibia  with  intermediate 
signal  on  sagittal  Tl-weighted  imaging 
(a),  heterogeneous  high  signal  on  fat- 
suppressed  T2-welghted  Imaging  (b), 
associated  with  cortical  destruction  and 
extraosseous  extension  dorsally. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surface  of  bone 


Abnormalities 

MRI  findings 

Comments 

Lymphoma 
( Fig.  10.44) 

Single  or  multiple  well-circumscribed  or  poorly  defined, 
infiltrative  lesions  involving  marrow;  low-intermediate  signal 
on  T1WI,  intermediate-high  signal  on  T2WI  and  F5  T2WI, 
often  shows  Gd-contrast  enhancement,  ± bone  destruction 
and  extraosseous  extension.  Diffuse  involvement  of  vertebra 
with  Hodgkin  lymphoma  can  produce  an  “ivory  vertebra,’' 
which  has  low  signal  on  T1  Wl  and  72WI. 

Lymphoid  tumors  with  neoplastic  cells  typically  within 
lymphoid  tissue  (lymph  nodes  and  reticuloendothelial 
organs).  Unlike  leukemia,  lymphoma  usually  arises  as 
discrete  masses.  Lymphomas  are  subdivided  into  Hodgkin 
disease  (HD)  and  non-Hodgkin  lymphoma  (NHL).  Almost  all 
primary  lymphomas  of  bone  are  B cell  NHL. 

Leukemia 
( Fig.  10.45) 

Single  or  multiple  well-circumscribed  or  pooily  defined 
infiltrative  lesions  involving  marrow;  low-intermediate  signal 
on  T1WI,  intermediate-high  signal  on  T2WI  and  F5  T2WI, 
often  shows  Gd-wntrast  enhancement,  ± bone  destruction 
and  extraosseous  extension. 

Lymphoid  neoplasms  involving  bone  marrow  with  tumor 
cells  also  in  peripheral  blood.  In  children  and  adolescents, 
acute  lymphoblastic  leukemia  (ALL)  is  the  most  frequent 
type.  In  adults,  chronic  lymphocytic  leukemia  (small 
lymphocytic  lymphoma)  is  the  most  common  type  of 
lymphocytic  leukemia.  Myelogenous  leukemias  are  neo- 
plasms derived  from  abnormal  myeloid  progenitor  cells. 

Acute  myelogenous  leukemia  (AML)  occurs  in  adolescents 
and  young  adults  and  represents  approximately  20%  of 
childhood  leukemia.  Chronic  myelogenous  leuleemia  (CML) 
usually  affects  adults  older  than  25  years. 

Malignant  tumor  with 
interrupted  periosteal 
reaction:  sunburst  or 
divergent  pattern 
( Fig.  10.46) 

Intramedullaiy  neoplasm  can  be  associated  with  zones  of 
cortical  destruction  through  which  the  lesion  extends  into 
the  extraosseous  soft  tissues.  Zones  of  reactive  and/or 
tumoral  bone  formation  under  the  elevated  periosteum  can 
have  a divergent  or  “sunburst”  appearance  with  low  signal 
within  the  extraosseous  tumor  that  often  has  slightly  high  to 
high  signal  on  T2WI  and  FS  T2WI  with  corresponding  Gd- 
contrast  enhancement. 

Periosteal  elevation  by  tumor  results  in  formation  of  a 
“sunburst  or  divergent  pattern”  of  underlying  bone  spicules 
along  vascular  channels  and  fibrous  bands  (Sharpey  fibers), 
which  are  stretched  out  from  the  outer  surface  of  bone 
cortex.  Typically  seen  with  osteosarcoma,  rarely  seen  with 
osteoblastoma  and  osteoblastic  metastasis  (prostate  carci- 
noma, lung  carcinoma,  carcinoid,  breast  carcinoma). 

(continued  on  page  3 50) 
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Flg.10.44  Laige  B-cell  lymphoma  Involv- 
ing die  diaphyseal  marrow  of  the  femur, 
whldi  has  heterogeneous  intermediate 
signal  on  sagittal  Tl-weighted  Imaging  (a) 
and  h^erogeneoiis  slightly  high  and  high 
signal  on  sagittal  fat-suppressed  T2- 
welghted  Imaging  (b).  The  tumor  Is 
associated  with  cortical  destruction  and 
extensive  ex  ha  osseous  extension. 


Fig.  10.45  Acute  lymphoblastic  leukemia 
involving  the  marrow  of  die  tibia  and 
fibula  assoaated  with  •orbeal  destruction 
and  extraosseous  extension  as  seen  on 
•oronal  Tl-weighted  Imaging  (a)  and  fat- 
suppressed  12-weighted  imaging  (b). 


a 


Fig.  10.46  Intramedullary  osteogenic  sarcoma  in  a 14-year-old  boy.  The  bjmor  is  associated  with  cortical  destruction  and  extraosseous  extension 
under  an  Interrupted  elevated  periosteum.  Beneath  the  elevated  periosteum,  divergent  stilated  zones  of  low  signal  on  sagittal  (a)  and  axial  fat- 
suppressed  (FS)  T2-welghted  Imaging  (b)  and  post-gadollnlum-contrast  F5  Tl-weighted  imaging  (c)  are  seen  representing  divergent  or  sunburst 
bjmoral  bone  formation  within  die  extraosseous  neoplasm. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surfaae  of  bone 


Abnormalities 

MRI  findings 

Comments 

Malignant  tumor  with 
interrupted  periosteal 
reaction:  Codman  tri- 
angle 

(►  Fig.  10.47) 

Intramedullary  neoplasm  or  infection  can  be  associated  with 
zones  of  cortical  destruction  through  which  the  lesions 
extend  into  the  extraosseous  soft  tissues.  Lamellated  and/or 
spiculated  aones  of  peiisosteal  reaction  are  often  seen 
secondary  to  tumor  invasion  and  perforation  of  bone  cortex. 
Low  signal  from  spicules  of  reactive  and  tumoral  bone 
formation  may  have  a "sunburst"  appearance.  Triangular 
zones  of  periosteal  elevation  (Codman  triangles)  can  be  seen 
at  the  borders  of  aones  of  cortical  destruction  and  tumor 
extension. 

Codman  triangles  are  triangular  zones  of  periosteal  reaction 
or  reactive  bone  at  the  borders  of  cortical  destruction 
adjacent  to  extraosseous  extension  of  neoplasms  or  infec- 
tions from  marrow.  Can  be  seen  with  malignant  primary 
bone  neoplasms  and  lesions  (osteosarcoma,  Ewing  sarcoma, 
chondrosarcoma,  malignant  fibrous  histiocytoma,  aneursy- 
mal  bone  cyst,  giant  cell  tumor),  metastasis,  osteomyelitis, 
or  trauma. 

Malignant  tumor  with 
interrupted  periosteal 
reaction:  disorganized 
pattern 
(►  Fig.  10.48) 

Intramedullary  neoplasm  or  infection  seen  with  zones  of 
cortical  destruction  through  which  the  lesion  extends  into 
the  extraosseous  soft  tissues.  Irregular  disorganized  aones  of 
perisosteal  reaction  can  be  seen  below  the  elevated 
periosteum. 

Extraosseous  extension  of  tumor  or  infection  results  in 
disorganized  thin  and/or  thick  irregular  bone  spicules  under 
the  elevated  periosteum.  Disorganized  periosteal  reaction  is 
often  seen  with  highly  aggressive  osteosarcomas  but  can 
also  be  seen  with  other  benign  and  malignant  tumors  that 
have  associated  complications  of  pathological  fracture  or 
infection. 

Malignant  tumor  with 
interrupted  periosteal 
reaction:  “hair  on  end" 
or  perpendicularly  ori- 
ented spicules  of  peri- 
osteal reaction 
(►  Fig.  10.49) 

Intramedullary  neoplasm  or  infection  seen  with  zones  of 
cortical  destruction  through  which  the  lesions  extend  into 
the  extraosseous  soft  tissues.  Parallel  spiculated  zones  ("hair 
on  end"  pattern)  of  periosteal  reaction  oriented  perpendic- 
ular to  the  long  axis  of  bone  can  be  seen  within  the 
extraosseous  lesion,  often  under  an  elevated  periosteum. 

Extraosseous  extension  of  tumor  or  infection  results  in  a 
perpendicular  ("hair  on  end")  pattern  of  thin  bone  spicules 
radially  oriented  under  the  elevated  periosteum.  These  bone 
spicules  tend  to  be  thin  and  oriented  along  radially  oriented 
blood  vessels  extending  from  the  cortical  suif aae  within  the 
lesions.  Most  frequently  seen  with  Ewing  sarcoma,  some- 
times with  osteosarcoma,  and  rarely  with  infection. 

(continued  on  page  352) 
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Fig.  10.47  intramedullary  osteogenic  osteosaraoma  involving  the  humerus  with  aortical  destruction,  extraosseous  extension,  and  interrupted 
periosteal  elevation.  Anteroposterior  radiograph  (a)  shows  a destructive  intraosseous  lesion  with  mineralized  ossified  matrix,  cortical  destruction, 
extraosseous  tumor  extension  with  disorganized  tumoral  bone  formation,  and  a Godman  triangle  at  the  medial  aspect  The  tumor  has  mbced  low, 
intermediate,  and  high  signal  on  coronal  Tl-welghted  Imaging  (T1WI)  (arrow)  (b)  and  shows  prominent  gadolinium-contrast  enhancement  on  aoronal 
fat-suppressed  T1WI  (arrow)  (c). 


Fig.  10.48  Intr  amedullary  osteogenic 
osteosarcoma  with  cortical  destruction, 
extraosseous  extension,  and  interrupted 
perlostaal  elevation.  The  Intraosseous 
tumor  is  associated  with  extensive  cortical 
destruction  and  extraosseous  tumor 
extension  containing  Irregular  zones  of 
low  signal  on  axial  proton  density- 
weighted  imaging  (a)  and  axial  T2- 
welghted  Imaging  (b),  representing 
disorganized  tumoral/penosteal  bone 
formation. 


Fig.  10.49  Intr  amedullary  osteogenic  sar- 
coma in  a 19-year-old  woman.  (a,b)  The 
tumor  (arrows)  is  associated  with  cortical 
destruction  and  exbaosseous  extension 
under  an  interrupted  elevated  perios- 
teum. Beneath  the  elevated  perisotsum. 
*hair  on  end"  asweli  as  divergent  striated/ 
sunburst-type  zones  of  low  signal  on  fat- 
suppressed  12-weighted  imaging  are  seen 
representing  tumoral  bone  formation 
within  the  extraosseous  portions  of  die 
neoplasm. 
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Table  10.1  (Cont)  Lesions  involving  the  outer  surfaae  of  bone 


Abnormalities 

MRI  findings 

Comments 

Malignant  tumor  with 
interrupted  periosteal 
reaction:  “onion  skin“ 
multilayered,  or  multi- 
lamellated  periosteal 
reaction  oriented  par- 
allel to  the  long  axis  of 
bone 

(►  Fig.  10.50) 

intramedullary  neoplasm,  inflammatory  lesion,  or  infection 
seen  with  aones  of  cortical  destruction  through  which  the 
lesions  extend  into  the  extraosseous  soft  tissues.  Multiple 
layers  of  periosteal  reaction  oriented  parallel  to  cortical  bone 
(“onion  skin*  pattern)  can  be  seen  within  the  extraosseous 
lesion  often  under  an  elevated  periosteum. 

Extraosseous  extension  of  tumor,  noninfectious  inflamma- 
tory lesions,  or  infection  results  in  a multilayered  perisoteal 
reaction.  Most  frequently  seen  with  Ewing  sarcoma,  some- 
times with  osteosarcoma,  lymphoma,  and  rarely  with 
infection. 
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Fig,  10.50  Intramedullary  telangiectatic  osteosarcoma  In  the  distal  femur  associated  with  cortical  destruction  with  extraosseous  tumor  extension. 
Multiple  layers  of  periosteal  reaction  oriented  parallel  to  cortical  bone  ('onion  skin”  pattern)  and  a Codman  biangle  interiorly  are  seen  on  an 
anteroposterior  radiograph  (a).  Intraosseous  tumor  Is  seen  extending  through  destroyed  cortical  bone  beneath  an  Interrupted  periosteum  as  seen  on 
coronal  (b)  and  axial  fat-suppressed  T2 -weighted  Imaging  (F5 17WI)  (c,  d),  and  post-gadollnlum-contiast  F5  Tl-welghted  Imaging  (e).  Multiple  thin 
layers  or  periosteal  reaction  as  well  as  multiple  fluid-fluid  levels  are  seen  in  the  extraosseous  tumor  on  axial  F5  TZWI. 
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10.2  Lesions  Associated  with 
Thickening  of  Bone  Cortex 

• Nonmalignant  lesions 
o Osteoid  osteoma 
o Osteoblastoma 
o Osteoma 

° Juxtacortical  chondroma 
o Parosteal  lipoma 
o Helerotopic  ossification 
° Osteofibrous  dysplasia 
o Fibrous  dysplasia 
° Focal  fibrocartilaginous  dysplasia 
o Melorheostosis 
o Healing  and  healed  fractures 
o Paget  disease 

° Subacute  and  acute  osteomyelitis 
o Chronic  recurrent  mutifocal  osteomyelitis 
o Syndromes  of  hyperostosis,  osteitis,  and  skin  lesions 
(SAPHO  syndrome) 

° Neurofibromatosis  type  1 (NF1) 

° Noninterrupted  periosteal  reaction  and  bone  formation 
from  primary  hypertrophic  osteoarthropathy 
(pachydermoperiostosis) 


o Noninterrupted  periosteal  reaction  and  bone  formation 
from  secondary  hypertrophic  osteoarthropathy 
o Noninterrupted  periosteal  reaction  and  bone  formation 
from  venous  stasis 

o Noninterrupted  periosteal  reaction  and  bone  formation 
from  infantile  cortical  hyperostosis  (Caff ey  disease) 
o Progressive  diaphyseal  dysplasia  (Camurad-Engelmann 
disease) 

o Hereditary  multiple  diaphyseal  sclerosis  (Ribbing  disease) 
o Craniodiaphyseal  dysplasia 
o Craniometaphyseal  dysplasia 
o Craniometadiaphy seal  dysplasia 
o Generalized  cortical  hyperostosis  (van  Buchem  syndrome) 
o Pyknodysostosis  (Maroteaux-Lamy  syndrome) 
o Noninterrupted  periosteal  reaction  and  bone  formation 
from  thyroid  acropachy 
o Noninterrupted  periosteal  reaction  from 
hypervitaminosis  A 

o Noninterrupted  periosteal  reaction  from  hypovitaminosis  C 
(scurvy) 

• Malignant  lesions 
o Parosteal  osteosarcoma 
o Intraosseous  osteosarcoma 
o Adamantinoma 


Table  10.2  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 


MRJ  findings 


Comments 


Benign  lesions 

Osteoid  osteoma 
( Fig.  10.51) 


Osteoblastoma 
( Fig.  10.52) 


Osteoid  osteomas  typically  show  dense  fusifonn 
thickening  of  the  cortex,  which  has  low  to 
intermediate  signal  on  T1  -weighted  imaging 
(T1WI),  proton  density-weighted  imaging 
(PDWI),  72-weighted  imaging  (T2WI),  and  fat- 
suppressed  (FS)  T2WI.  Within  the  thickened 
cortex,  a spheroid  or  ovoid  zone  (nidus) 
measuring  less  than  1.5  cm  is  typically  seen.  The 
nidus  can  have  inegular,  distinct  or  indistinct 
margins  relative  to  the  adjacent  region  of 
cortical  thickening.  The  nidus  can  have  low- 
intermediate  signal  on  T1  Wl  and  PDWI,  and  low- 
intermediate  or  high  signal  on  T2WI  and  FS 
T2WI.  Calcifications  in  the  nidus  can  be  seen  as 
low  signal  on  T2WI.  After  gadolinium  (Gd)- 
contrast  administration,  variable  degrees  of 
enhancement  are  seen  at  the  nidus,  adjacent 
bone  cortex,  marrow,  periosteum,  and  adjacent 
soft  tissues. 

Lesions  appear  as  spheroid  or  ovoid  zone 
measuring  greater  than  1.5  to  2cm  located 
within  medullary  and/or  cortical  bone  with  low- 
intermediate  signal  on  T1WI;  low-intermediate 
to  slightly  high  signal  on  PDWI;  and  low- 
intermediate  and/or  high  signal  on  T2WI  and  FS 
T2WI.  Calcifications  or  areas  of  mineralization 
can  be  seen  as  zones  of  low  signal  on  T2WI. 
After  Gd-contrast  administration,  osteoblasto- 
mas show  variable  degrees  of  enhancement. 
Zones  of  thickened  cortical  bone  and  medullaiy 
sclerosis  that  are  often  seen  adjacent  to 
osteoblastomas  typically  show  low  signal  on 
T1  Wl,  T2WI,  and  FS  T2WI.  Poorly  defined  zones 
of  marrow  signal  alteration  consisting  of  low- 
intermediate  signal  on  T1  Wl,  high  signal  on 
T2WI  and  FS  T2WI,  and  corresponding  Gd- 
contrast  enhancement  can  be  seen  in  the 
marrow  adjacent  to  osteoblastomas  as  well  as 
within  the  extraosseous  soft  tissues. 


Benign  painful  osteoblastic  lesion  composed  of  a 
circumscribed  nidus  less  than  1.5  cm  usually 
surrounded  by  reactive  bone  formation. 
Accounts  for  1 1 to  13%  of  primary  benign  bone 
tumors.  Occurs  in  patients  age  6 to  30  years, 
median  - 17  years.  Approximately  75%  occur  in 
patients  less  than  25  years. 


Rare  benign  bone-forming  tumors,  which  are 
histologically  related  to  osteoid  osteomas. 
Osteoblastomas  are  larger  than  osteoid  osteo- 
mas and  show  progressive  enlargement. 
Account  for  3 to  6%  of  primary  benign  bone 
tumors  and<1  to  2%  of  all  primary  bone 
tumors.  Occurs  in  patients  age  1 to  30  years, 
median  = 15  years,  mean  age=  20  years. 
Approximately  90%  of  lesions  occur  in  patients 
less  than  30  years. 
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Flg.10.51  Osteoid  osteoma  Involving  the 
cortex  of  die  proximal  femoral  shaft  in 
a 15-year-old  boy.  Coronal  (a)  and  axial 
(b)  computed  tomographic  Images  show 
dense  fusiform  osteosclerosis  surrounding 
a small  radlolueent  zone  (nidus)  with  a 
central  calcification.  The  nidus  has  slightly 
high  signal  on  axial  T2-weighted  Imaging 
(F2WI)  (c)  and  contains  a small  central 
calcification  with  low  signal.  The  thick- 
ened cortex  has  low  and  slightly  high 
signal  on  T2WI  and  Is  associated  with 
periosteal  reaction  with  high  signal.  The 
nidus  shows  gadolinium  (Gd)-contrast 
enhancement  on  axial  fat-suppressd 
Unweighted  imaging  (FST1WI)  (d). 
Prominent  Gd-contrast  enhancement  Is 
seen  at  the  periosteal  reaction,  and  mild 
diffuse  enhancement  Is  seen  In  the 
cortical  thickening  adjacent  to  the  nidus. 
Poorly  defined  zones  of  high  signal  on  FS 
T2WI  and  corresponding  Gd-contrast 
enhancement  on  F5  T1WI  are  also  seen  In 
the  marrow  adjacent  to  the  lesion. 


Flg.10.52  Osteoblastoma  InvoMng  a rib  In  a 16-year-old  boy.  Prominent  dense  sclerotic  reaction  Is  seen  Involving  cortical  and  medullaiy  bone 
adjacent  to  the  expansile,  mixed  radlolueent  and  radiodense  lesion  on  axial  computed  tomographic  Image  (a).  The  lesion  has  Intermediate  signal  on 
sagittal  T1 -weighted  imaging  (b)  and  high  signal  on  sagittal  fat-suppressed  T2-weighfced  imaging  (FS  12WI)  (c).  Poorly  defined  zones  with  high  signal 
on  FS  T2WI  are  seen  In  the  marrow  and  soft  tissues  adjacent  to  the  lesion. 
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Table  10.2  (Cont.)  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 

MRI  findings 

Comments 

Osteoma 
(►  Fig.  10.12) 

Lesions  typically  appear  as  welkclrcumsalbed 
zones  of  dense  cortical  bone  with  low  signal  on 
T1WI,  PDWI.  T2WI,  and  F5  T2WI.  No  infiltration 
by  osteomas  Is  seen  Into  the  adjacent  soft 
tissues.  Zones  of  bone  destruction  or  associated 
soft  tissue  mass-lesions  are  not  associated  with 
osteomas.  Periosteal  reaction  Is  not  associated 
wfth  osteomas  except  In  cases  with  aolncldental 
antecedent  trauma. 

Benign  primary  bone  lesions  composed  of  dense 
lamellar,  woven,  and/or  aompact  eortical  bone 
usually  located  at  the  surface  of  bones.  Account 
for  less  than  1 % of  primary  benign  bone  tumors. 
Occurs  in  patients  age  1 6 to  74  years,  most 
frequent  in  sixth  decade. 

Juxtacortiol  chondroma 
(►Fig.  10.5) 

Lesions  ane  located  at  the  bone  surface  and  are 
usually  lobuiated  with  lowin  ter  mediate  signal 
onTI  Wl,  which  Is  hypo-  or  Isolntense  relative  to 
musrfe.  Lesions  usually  have  heterogeneous 
predominantly  high  signal  on  T2WI.  Lesions  are 
surrounded  by  low  signal  borders  on  T2WI 
representing  thin  sclerotic  reaction.  Areas  of  low 
signal  on  TZW1  are  secondaiy  to  matte  miner- 
alization. Edema  is  not  typically  seen  in  nearby 
medullaiy  bone.  Lesions  often  show  a peripheral 
pattern  of  Gd-contrast  enhancement,,  which 
correlates  to  fibrovascular  bundles  surrounding 
the  cartilage  lobules. 

Benign  protuberant  hyaline  cartilaginous 
tumors,  which  arise  from  the  periosteum  and 
superficial  to  bone  cortex.  Account  for<  1%  of 
bone  lesions.  JuxtacortJcal  chondromas  repre- 
sent approximately  5 to12%  of  chondromas. 
Patient  age  ranges  from  4 to  77  years, 
median -26  years. 

Parosteai  lipoma 
(■  Fig.  10.13) 

lesions  often  have  lobular  margins  and  are 
immediately  adjacent  to  the  outer  intact  surface 
of  adjacent  bone.  Lesions  typically  have  fat 
signal  on  magnetic  resonance  imaging  (MRI),  as 
well  as  zones  of  low  signal  onTIWI  and  T2WI 
from  ossification  dianges  that  can  occur  within 
these  lesions  and  at  the  junction  with  bone 
cortex.  Zones  with  intermediate  signal  onTIWI 
and  high  signal  on  T2WI  can  occur  In  these 
lesions  secondaiy  to  cartilaginous  contents. 

Rare  benign  slow-giowing  painless  tumors  with 
mature  adipose  tissue  associated  with  the 
periosteum  of  bone.  Account  for  0.3%  of 
lipomas,  typically  occur  In  patients  40  to  60 
years.  Common  sites  include  the  femur, 
proximal  radius,  tibia,  and  humerus. 

Heterotopic  ossification 
(►  Fig.  10.15) 

long-standing  lesions  can  have  variable  low 
signal  on  T1WI,  PDWI,  and  T2WI  depending  on 
the  degree  of  mineralization/ossification,  fibro- 
sis, and  hemosiderin  deposition.  Zones  of  high 
signal  on  T1WI  and  T2WI  may  occur  from  fatty 
marrow  metaplasia.  Gd-contrast  enhancement 
in  old  mature  lesions  is  often  minimal  or  absent. 
Signal  abnormalities  within  bone  marrow  are 
usually  absent 

Represents  localised  nonneoplastic  reparative 
lesions,  which  are  composed  of  reactive  hyper- 
cellular  fibrous  tissue,  caitilage,  and/or  bone. 

Can  arbe  secondary  to  trauma  (myositis  ossifi- 
cans circumscripta,  ossifying  hematoma), 
although  may  also  oocur  without  a history  of 
prior  injury  (pseudomalignant  osseous  tumor  of 
the  soft  tissues). 

Osteoftbrous  dysplasia 
(►  Fig.  10.53) 

Osteohbnous  dysplasia  often  shows  multiple 
Irregular  Intracortical  aones  of  lowintermedlate 
signal  on  T1WI,  intermediate  to  slightly  high 
signal  on  PDWI,  and  high  signal  onT2WI  and  FS 
T2WI  separated  by  Inegular  zones  of  low  signal 
on  T1WI  and  T2WI,  the  latter  representing 
thickened  sderotk  cortical  bone.  Zones  of  low 
signal  on  T1WI  and  f2WI  of  vaiylng  thickness 
are  typically  seen  superficial  and  deep  to  the 
lesions  representing  sclerotic  bone  reaction.  The 
outer  eortical  margins  can  be  expanded  and 
thinned.  Intracortical  lesions  usually  show 
prominent  Gd-contrast  enhancement.  Thin  jux- 
tacoittcal/perlosteal  enhancement  may  be  seen 
In  lesions  with  thinned  and  expanded  cortical 
margins. 

Rare  self-limited  benign  fibre-osseous  lesion 
primarily  Involving  the  anterior  midshaft  of  the 
tibial  cortex  in  children  and  adolescents. 

(axrtinued  on  page  358) 
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Flg.10.53  Osteofibrous  dysplasia  Involving  the  anterior  cortex  of  die  proximal  shaft  of  the  tibia  In  a 15-y®ar-old  girl,  lateral  radiograph  (a)  shows 
thickening  of  bone  cortex  within  which  are  multiple  radlolutent  zones  (arrow),  which  have  Intermediate  signal  on  sagittal  proton  denslty^welghted 
imaging  (b)  heterogeneous  high  signal  on  sagittal  T2-weighted  imaging  (12WI)  (c).  high  signal  (arrow)  on  axial  fat-supprcsed  (F5)  T2WI  (d)  and  whidi 
show  Gd-«ontrast  enhancement  on  sagittal  FS  Tl-welghted  Imaging  (e). 
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Table  10.2  (Cont.)  Lesions  associated  with  thickening  of  bone  cortex 

Abnormalities 

MRI  findings 

Comments 

Fibrous  dysplasia 
( Fig.  10.54;  ► Fig.  10.55) 

MRI  features  depend  on  the  proportions  of  bony 
spicules,  collagen,  fibroblastic  spindle  ceils, 
hemonhagic  and/or  cystic  changes,  and  asso- 
ciated pathological  fracture  if  present  Lesions 
are  usually  well  circumscribed  and  have  low  or 
low-intennediate  signal  on  TIWI  and  POWI.  On 
T2WI.  lesions  have  variable  mixtures  of  low. 
Intermediate,  and/or  high  signal  often  sur- 
rounded by  a low  signal  rim  of  variable 
thickness.  Internal  septations  and  cystic 
changes  are  seen  in  a minority  of  lesions.  Bone 
expansion  and  cortical  thickening  can  be  seen. 
Lesions  show  Gd-aontrast  enhancement  that 
varies  In  degree  and  pattern.  Periosteal  and 
juxtacorticai  enhancement  can  be  seen  in 
lesions  with  associated  pathological  fractures. 

Benign  medullary  fibro-osseous  lesion,  which 
can  involve  a single  site  (mono-ostotic)  or 
multiple  locations  (polyostotic).  Thought  to 
occur  from  developmental  failure  In  the  normal 
process  of  remodeling  primitive  bone  to  mature 
lamellar  bone  with  resultant  zone  or  zones  of 
Immature  trabeculae  within  dysplastlc  fibrous 
tissue.  Lesions  do  not  mineralize  normally  and 
result  in  loss  of  mechanical  strength  predispos- 
ing to  deformity  and  pathological  hacture. 
Accounts  for  approximately  10%  of  benign  bone 
lesions.  Patients  range  in  age  from  <1  year  to 

76  years.  Seventy-five  percent  occur  before  the 
age  of  30  years. 

Focal  fibrocartilaginous  dysplasia 
(►  Fig.  10.56) 

Cortical  thickening  seen  along  concave  side  of 
tibia  vara,  and  asymmetric  thickening  of  the 
epiphysis  medially. 

Uncommon  benign  condition  causing  deformi- 
ties of  long  bones  in  children.  Most  frequent  at 
pmxlal  tibia  In  young  children.  Is  typically 
unilateral,  and  results  In  tibia  vara.  Also  occurs 
less  frequently  in  femur,  humerus,  and  ulna. 
Lesions  show  dense  collagenous  tissue,  which 
may  spontaneously  regress.  Corrective  osleomy 
may  be  needed  for  severe  and  persistent  lesions. 

MelorheaStPsls 
( Fig.  10.14) 

MRI  signal  varies  based  on  the  relative  propor- 
tions of  mineralized  osteoid,  chondroid.  and 
soft  tissue  components  in  these  lesions.  Miner- 
alized osteoid  aones  involving  bone  cortex 
typically  have  low  signal  on  TIWI  and  T2WI.  no 
Gd-aontrast  enhancement  Soft  tissue  lesions 
may  also  occur  adjacent  to  the  cortical  lesions, 
which  have  mixed  signal  on  TIWI  and  T2WI. 

Rare  bone  dysplasia  with  cortical  thickening  that 
has  a 'flowing  candle  wax*  configuration. 
Associated  soft  tissue  masses  occur  in  approxi- 
mately 25%.  The  soft  tissue  lesions  often  contain 
mixtures  of  diondroid  material,  mineralized 
osteoid,  and  fibrovascular  tissue. 

(continued  on  poge  360) 


Fig.  10.54  Fibrous  dysplasia  involving  the  tibia  in  a 47-year-old  woman.  Cortical  expansion  with  mixed  thinning  and  thickening  of  bone  cortex,  mixed 
medullaiy  radlolucency,  and  ground-glass  appear  ante  are  seen  on  lateral  radiograph  (a).  Cortical  thickening  Is  seen  on  axial  T1  -weighted  imaging 
(TIWI)  (b),  and  axial  fat-suppressed  T2-welghted  imaging  (F5  TZWI)  (c).  Also  seen  Is  Intermediate  signal  of  the  lesion  within  the  marrow  on  axial  T1WI 
and  high  signal  on  F5  T2WI. 
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FTg.  10.55  fotycrttoCc  fibrous  dysplasia  involving  adjacent  metacarpal 
bones  with  cortical  thickening  and  intennediabe  marrow  signal 
alteration  on  coronal  Tl-welghted  Imaging  (arrows). 


Fig.  10.56  Focal  fibrocartilaginous  dyspla- 
sia with  aorbcal  thickening  along  the 
■oncave  side  of  tibia  vara,  and  asymmetric 
thickening  of  the  epiphysis  medially 
(arrow)  on  anteroposterior  radiograph  (a) 
and  coronal  Tl-welghted  Imaging  (b). 
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Table  10.2  (Cont.)  Lesions  associated  with  thickening  of  bone  cortex 

Abnormalities 

MRI  findings 

Comments 

Healing  and  healed  fractures 
(►  Fig.  10.57:  Fig.  10.58) 

Healing  stress  or  traumatic  fractures  can  have 
periosteal  elevation  with  associated  adjacent 
high  signal  on  T2WI  and  FS  T2WI.  as  well  as 
poorfy  defined  marrow  zones  with  high  signal 
on  T2WI  and  F5  72WI.  Poorly  defined  zones  of 
Gd-contrast  enhancement  can  be  seen  in  the 
juxtaaortical  soft  tissues  and  marrow.  Matura- 
tion of  die  periosteal  reaction  can  lead  to 
cortical  thickening. 

Fracdire  results  In  localized  hemorrhage  fol- 
lowed by  an  inflammatory  response  after  48 
hoursthat  leads  to  granulation  tissue  ingrowth, 
and  activation  of  the  osteoblasts  In  die  perios- 
teum. Periosteal  bone  fonnatlon  results  in 
cortical  tiiiclening.  In  addition,  endosteal  scle- 
rosis wftii  stress  fractures  can  be  seen  on 
radiographs,  computed  tomographic  scans,  and 
MRJ  scans. 

Paget  disease 
(l  Fig.  10.59} 

in  die  late  or  Inactive  phases  of  Paget  disease, 
findings  include  osseous  expansion,  cortical 
thickening,  decreased  diameter  of  the  medul- 
lary canal,  and  coarsened  trabeculae  along 
stress  lines.  The  zones  of  cortical  tiiickening 
usually  have  low  signal  on  T1WI  and  T2WI.  The 
Inner  margins  of  die  tiilckened  cortex  can  be 
irregular,  indistinct  or  slightly  lobulated. 

Chronic  skeletal  disease  In  which  there  Is 
disordered  bone  resorption  and  woven  bone 
formation  resulting  in  osseous  deformity.  Typi- 
cally occurs  h adults,  90%  of  cases  occurring  In 
patients  older  than  40  years. 

(continued  on  poge  362) 
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Fig.  10.57  Healing  stress  fracture  involv- 
ing the  proximal  tibial  diaphysis  with 
■ordeal  tiilckenlng  and  endosteal  sclero- 
sis. The  aortlcal  thickening  has  mUed  low 
and  intermediate  signal  on  sagittal  T1- 
weighted  imaging  (a)  and  mUed  slightly 
high  and  low  signal  on  sagittal  fat- 
suppressed  T2-weighted  imaging  (FS 
T2W1)  (b).  Zones  with  high  signal  are  seen 
within  die  marrow  and  juxtacortical  soft 
tissues  on  FS  T2WL  A thin  zone  of  low 
signal  is  also  seen  witiiin  die  marrow. 
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Fig.  10.58  Healed  traumatic  fracture  deformity  of  the  tibial  shaft  with 
thickened  cortex  as  seen  on  sagittal  Unweighted  imaging. 


Fig.  10.59  Paget  disease  involving  the  proximal  femur  in  a 70  year-old  woman  with  cortical  thickening  at  the  medial  femoral  shaf  ton  radiograph  (a). 
Cortical  thickening  is  seen  as  irregular  zones  with  low  signal  on  axial  T1  -weighted  imaging  (b). 
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Table  10.2  (Cont)  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 

Subacute  and  chronic  osteomyelitis 
(i  Fig.  10.60) 


Chronic  recurrent  mutifocal  osteomyelitis 
(i  Fig.  10.24) 


MRI  findings 

A Brodie  abscess  represents  a type  of  subacute 
osteomyelitis  in  long  bones  in  which  there  is  an 
intraosseous  lesion  (abscess)  that  can  appear  as 
a central  zone  with  low  to  intermediate  signal 
on  T1  Wl  and  slightly  high  to  high  signal  on  T2WI 
surrounded  by  two  rings,  and  an  outer  poorly- 
defined  aone  or  halo  with  low  to  intermediate 
signal  on  T1  Wl  and  high  signal  on  T2WI,  FS 
T2WI,  and  short  Tl  inversion  recovery  (STIR). 
The  inner  ring  surrounding  the  abscess  repre- 
sents vasculariaed  granulation  tissue  containing 
inflammatory  cells  and  connective  tissues  and 
usually  has  low  to  intermediate  signal  on  T1WI 
and  high  signal  onT2WI.  This  inner  ring  usually 
shows  Gd-contrast  enhancement  and  has  been 
referred  to  as  the  “penumbra  sign."  The  outer 
ring  often  has  low  signal  on  T1WI  and  T2WI. 
Peripheral  to  these  two  rings,  the  poorly  defined 
halo  representing  reactive  edema  often  has  low 
signal  on  Tl  Wl,  and  low,  intermediate,  and/or 
high  signal  on  T2WI  and  FST2WI.  The  peripheral 
halo  typically  shows  contrast  enhancement.  A 
sinus  tract  may  be  seen  extending  through 
thickened  cortex  adjacent  to  the  intraosseous 
abscess. 

In  chronic  active  osteomyelitis,  findings  include 
intraosseous  abscess,  sequestra,  cloacae,  sub- 
periosteal fluid  collections,  and  cortical  thick- 
ening. A narrow  aone  or  rim  of  low  signal  on 
T1WI  and  T2WI  is  often  seen  separating  the  site 
of  chronic  osteomyelitis  from  normal  adjacent 
bone  marrow.  Within  this  lim,  a aone  with  low- 
intermediate  signal  onTIWI  and  heterogeneous 
intermediate,  slightly  high,  to  high  signal  is 
usually  seen  representing  the  intraosseous 
infection  or  abscess  that  may  contain  foci  of  low 
signal  on  Tl  Wl  and  T2WI  from  sequestra. 
Irregular  zones  of  Gd-contrast  enhancement 
may  be  seen  in  active  chronic  osteomyelitis. 
Cloacae  and  sinus  tracts  can  appear  as  linear  or 
curvilinear  zones  with  high  signal  on  T2WI  and 
Gd-contrast  enhancement  involving  thickened 
cortex  and  extraosseous  soft  tissues. 

Multifocal  lesions  that  occur  in  metaphyses  of 
tubular  bones  (distal  femur,  proximal  and  distal 
tibia  and  fibula),  clavicles,  and  vertebrae. 
Radiographs  show  radiolucent  and/or  sclerotic 
osseous  lesions  with  proliferative  periosteal 
bone  formation.  MRI  shows  heterogeneous 
abnormal  high  signal  on  FS  T2WI  in  marrow  and 
periosteal  soft  tissues  with  Gd-contrast 
enhancement. 


Syndromes  of  hyperostosis,  osteitis,  and  skin  Periosteal  elevation  with  cortical  thickening  can 
lesions  (SAPHO  syndrome)  be  seen  as  well  as  syndesmophyte  foimation  at 

one  or  multiple  levels. 


Comments 

Osteomyelitis  refers  to  infection  of  bone  and  can 
result  from  hematogenous  spiead  of  micro- 
organisms, trauma-direct  inoculation,  extension 
from  adjacent  tissues,  and  complications  from 
surgery.  A Brodie  abscess  refers  to  a small 
metaphyseal  or  diaphyseal  abscess  (subacute 
osteomyelitis)  in  long  bones  that  are  typically 
walled  off  by  sclerotic  bone  and  often  involve 
the  cortex.  Sclerosing  osteomyelitis  of  Garr£  is  a 
chronic  bone  infection  that  usually  involves  the 
mandible  or  shafte  of  long  bones,  which  is 
associated  with  extensive  new  bone  formation 
that  often  obscures  the  involved  osseous 
structure. 


Painful  inflammatory  osseous  disorder  of 
unknown  cause  with  histopathology  of  acute 
and  chronic  osteomyelitis  without  identif  ication 
of  infectious  agent,  diagnosis  of  exclusion. 
Usually  occurs  in  children  and  adolescents, 
median  age  -10  years,  F 85%/M  15%.  Multi- 
episodic  skeletal  disorder  of  unknown  cause  that 
can  occur  over  7 to  25  years.  Treatment  of 
symptoms  with  nonsteroidal  anti-inflammatory 
drugs.  Can  be  associated  with  acne  or  pustulosis 
palmoplantaiis  (SAPHO). 

Syndrome  that  includes  abnormalities  such  as 
synovitis,  acne,  pustulosis,  hyperostosis  with 
periosteal  proliferation  (sternum,  clavicle,  ante- 
rior ribs,  symphysis  pubis,  femur,  sacrum,  iliac 
bones)  and  osteitis  at  the  chest  wall. 

(continued  on  page  354) 
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Fig.  10.60  A Brodie  absaess  in  die  distal  tibial  shaft  with  dense  sclerotic  thickening  of  die  cortex  and  medullary  bone  seen  on  a radiograph  (a)  and 
aomputed  tomographic  image  (arrow)  (b).  A radioluaent  abscess  is  also  seen  in  medullary  bone.  Ilie  aortical  thickening  has  mostly  low  signal  on 
coronal  fat-suppressed  T2-welghted  Imaging  (FS  T2WI)  (c).  Pooify  defined  aones  wftii  high  signal  on  FS  T2WI  are  seen  within  die  marrow  surrounding 
a circumscribed  high  signal  absaess. 
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Table  10,2  (Cont.)  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 

MRI  findings 

Comments 

Neurofibromatosis  type  1 (NF1) 

( Fig.  10.34) 

irregular  periosteal  thickening  of  long  bones  of 
the  lower  extremities  can  be  seen  as  zones  of 
low  signal  Undulating  zones  of  periosteal  bone 
formation  can  occur  In  the  lower  extremities  in 
patients  with  NF1. 

Subperiosteal  proliferation  of  bone  can  occa- 
sionally be  seen  involving  long  bones  of  the 
lower  extremities  in  patients  with  NF1 . One  of 
tiie  most  common  genetic  diseases  with  the 
involved  locus  on  chromosome  17q12  typically 
resulting  in  multiple  neurofibromas.  This  auto- 
somal dominant  disorder  resulting  In  mesoder- 
mal dysplasia  affecting  multiple  oigan  systems. 
Can  result  in  periosteal  proliferation  in  tiie  long 
bones  of  the  lower  extremities. 

Noninfcemupted  periosteal  reaction  and  bone 
fonnation  from  prlmaiy  hypertrophic  osteo- 
arthiopathy  (padiydermoperlostosls) 

(►  Fig,  10,61) 

linear  and/or  irregular  periosteal  and  cortical 
thickening  seen  in  tubular  bones  of  tile 
extremities  bilaterally  (tibia,  fibula,  radius,  ulna 
are  common  sites,  also  seen  in  other  bones  and 
skull).  Can  Involve  epiphyseal,  metaphyseal, 
and/or  diaphyseal  portions  of  long  bones. 

Rare  clinical  syndrome  in  adolescents  or  adults 
with  swollen  painful  joints,  enlargement  of  the 
extremities  from  osseous  proliferation  and 
periostitis,  dubbing  of  digits,  thickening  of  skin 
of  the  face  and  scalp  with  excessive  sweating 
and  sebaceous  secretions.  Can  be  hereditary 
(autosomal  dominant  with  variable  expression) 
or  idiopathic. 

Nonlntenupted  periosteal  reaction  and  bone 
formation  from  secondary  hypertrophic  osteo- 
arthropathy 
(►  Fig.  10.32) 

Smooth,  wavy,  and  or  irregular  periosteal  and 
cortical  thickening  seen  in  the  diaphyseal  and 
metaphyseal  portions  of  long  bones  of  the 
upper  and  lower  extremities,  as  well  as  in  other 
bones. 

Clinical  syndrome  with  dubbing  of  tire  digits, 
periostitis,  hyperbophic  osteoarthropathy,  skin 
thickening,  limb  swelling,  nail  bed  abnormalities 
(stj  iations,  Increased  curvature)  related  to 
extraskeletal  lesions  involving  the  lungs  (bron- 
chogenic carcinoma,  metastasis,  cystic  fibrosis, 
brondilectasls.  Infection,  lymphoma),  pleura 
(mesothelioma),  abdomen  (biliaiy  abesla,  cir- 
rhosis, bimors,  ulcerative  colitis,  Crohn  diaeae), 
heart  (cyanotic  hea  r t disease),  and  neoplasms  at 
odier  sites.  Regression  of  hyperbophic  osteo- 
arthropathy can  occur  after  thoracotomy  in 
patients  with  thoracic  abnormalities,  even  in 
those  without  complete  removal  of  the  Inba- 
thoradc  lesions. 

Nonlntenupted  periosteal  reaction  and  bone 
formation  from  venous  stasis 
(►  Fig.  10.33) 

Smooth  and  wavy  periosteal  and  cortical  thick- 
ening seen  in  the  diaphyseal  and  metaphyseal 
portions  of  long  bones  of  the  lower  extremities 
(tibia,  fibula,  metatarsal  bones,  phalanges). 

Venous  stasis  Is  associated  with  edematous 
changes  in  tiie  soft  tissues  as  well  as  soft  tissue 
ossification,  periostitis,  and  cortical  thickening. 

Nonintenupted  periosteal  reaction  and  bone 
fomnatfon  from  Infantile  cortical  hyperostosis 
(Caffey  disease) 

(►  Fig,  10,62) 

Smooth,  wavy,  and  or  irregular  periosteal  and 
cortical  thickening  seen  In  the  diaphyseal  and 
metaphyseal  portions  of  one  or  multiple  bones. 

Clinical  disorder  that  affects  infants  less  than  5 
months  old  wfth  findings  of  soft  tissue  swelling 
(commonly  over  tiie  mandible),  fever,  hyper- 
initability,  and  cortical  hyperostosis  (ribs,  ulna, 
tibia,  fibula,  humerus,  femur,  radius,  metacaipal 
and  metatarsal  bones).  The  clinical  course  Is 
variable  but  regression  of  findings  can  occur 
over  3 to  4 years. 
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Rg.  10.61  Pachydermoperiostosis,  lateral  radiograph  shows  solid 
thick  and  slightly  irregular  periosteal  bone  formation. 


Fig.  10.62  Infantile  aortlcal  hyperstosls  (Caffey  disease)  anteroposle- 
rior  radiograph  (a)  shows  perisotoal  thickening  with  cortical  tiikkening 
and  widened  dense  diaphyzs  of  long  bones  of  tile  upper  extremity. 
Lamellated  periosteal  reaction  Is  seen  on  radiograph  In  another 
patient  (b). 
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Table  10.2  (Coni.)  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 

MRI  findings 

Comments 

Piogresslve  diaphyseal  dysplasia  (Camurati 
Engelmann  disease) 

( Fig.  10.63) 

Bilateral  aortlcal  thickening  of  both  periosteal 
and  endosteal  surfaces  of  long  bones  (midshafts 
of  diaphyses)  in  a fusiform  pattern  with  abrupt 
transition  to  normal  bone.  Narrowing  of  med- 
ullary canals.  Bones  frequently  Involved: 

Tibia  > femur  > fibula  > humerus  > ulna  and 
radius.  Lack  of  Involvement  of  epiphyses  and 
metaphyses  typical.  Rarely  involves  the  skull 
base. 

Autosomal  dominant  neuromuxular  disorder 
involving  intramembranous  ossification  related 
to  mutations  of  die  gene  encoding  the  latency- 
associated  peptide  of  transforming  growth 
factor-betal  (rCF-betal),  whldi  mediates  bone 
remodeling.  Clinical  onset  usually  4 to  12  years 
with  muxle  weakness,  pain,  malnutrition,  leg 
weakness,  and  wide  waddling  gait. 

Hereditary  multiple  diaphyseal  xleroste  (ribbing 
disease) 

Unilateral  and/or  asymmetric  aortlcal  thickening 
of  both  periosteal  and  endosteal  surfaces  of 
long  bones  (midshafts  of  diaphyses)  in  a 
fusiform  pattern  with  abrupt  transition  to 
normal  bone.  Does  not  involve  skull. 

Autosomal  recessive  neuromuxular  dlsoider  of 
unknown  genetics  involving  intramembranous 
ossification  of  long  bones,  clinical  onset  after 
puberty  wdth  slowly  progressive  weakness  and 
pain.  Symptoms  less  severe  than  with  Camurati- 
Engelmann  disease. 

Craniodiaphyscal  dysplasia 
(►  Fig.  10.64) 

Osteosclerosis  of  diaphyses  of  tubular  bones  in 
infancy  with  progressive  widened  diaphyses  and 
aoitlcal  thinning,  lack  of  metaphyseal  flaring. 
Sclerosis  of  skull  base  and  calvarium,  thickened 
mandible  with  dental  malocdusion,  and  lack  of 
nonoal  pneumatfzation  of  paranasal  sinuses  and 
mastoid  air  tells. 

Rare  autosomal  recessive  craniotubular  bone 
dysplasia  with  progressive  hyperostosis  of  tiie 
skull  and  facial  bones,  hypertelorism,  thickening 
of  aortlcal  bone  and  lack  of  normal  modeling  of 
short  and  long  tubular  bones.  Patients  often 
have  shoit  stature  and  have  mental  retardation. 

Craniometaphyseal  dysplasia 

Hyperostosis  of  frontal  and  occipital  bones, 
diaphyseal  sderosis,  dub-shaped  metaphyseal 
widening  of  tubular  bones. 

Rare  autosomal  dominant  craniotubular  bone 
dysplasia.  Can  be  Inherited  as  autosomal  domi- 
nant from  mutations  involving  the  ANKH  gene 
on  chromosome  5p15.2-14.1  or  autosomal 
recessive  from  mutations  Involving  chromosome 
6q21-22.  Patients  usually  have  normal  stature 
and  normal  mental  function. 

Cranlometadlaphyseal  dysplasia 

Large  skull  with  frontal  prominence,  delayed 
dosure  of  fontanelles  and  sutures,  dental 
hypoplasia,  wide  diaphyses  of  tubular  bones, 
thinning  of  cortical  bone,  wide  ribs  and  davldes. 

Rare  autosomal  recessive  craniotubular  bone 
dysplasia.  Patients  usually  have  normal  stature 
and  normal  mental  function. 
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Flg.10.64  Craniodiapbyseal  dysplasia.  Radiograph  shows  thickening  of 
bone  cortex  of  tile  phalanges  and  metacarpal  bones. 
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Table  10.2  (Coot.)  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 

MRI  findings 

Comments 

Generalized  cortical  hyperostosis  (van  Buchem 
syndrome) 

(►  Fig.  10.55) 

Bilateral  symmetric  sderosls  and  endosteal 
cortical  bone  thickening  involving  the  diaphyses 
of  long  bones,  as  well  sclerosis  and  thickening  of 
the  calvarium,  skull  base,  mandible,  davldes, 
ribs,  and  spinous  proeesses.Small  periosteal 
excrescences  occur  in  Van  Budiem  syndrome. 

Rare  group  of  Inti ^membranous  ossification 
disorders  with  endosteal  hyperostosis.  Four 
main  types,  which  all  involve  mutations  affect- 
ing the  Wht  signaling  pathway  osteoblasts.  Van 
Buchem  syndrome  is  an  autosomal  recessive 
disorder  that  involves  mutations  of  the  sdero- 
stin  gene  on  chromosome  17q12-q21;  Worth 
disease  has  autosomal  dominant  Inherltanee 
related  to  mutations  of  til  e lipoprotein  receptor- 
related  protein  5 gene  malting  It  unable  to 
normally  bind  sclerostin;  Nakamura  disease  has 
autosomal  dominant  inheritance  with  enlaige- 
ment  of  the  mandible  and  maxillae;  and 
Tmswell-Hansen  disease  is  associated  with  sde- 
nosteosis  and  syndactyly  from  mutated  gene  on 
chromosome^. 

Pyknodysostosis  (Maroteaux-Lamy  syndrome) 

Generalized  hyperostosis  of  long  bones  with 
preservation  of  medullary  canal,  sclerosis  of 
calvarium  and  skull  base,  wormian  bones,  little 
or  no  pneumatlzation  of  paranasal  sinuses, 
mandible  hypoplasia. 

Autosomal  recessive  disorder  involving  osteo- 
clasts resulting  fiom  mutations  of  the  cathepsin 

K gene.  Clinical  findings  Indude  dwarfism, 
wormian  bones,  hypoplasia  of  fadal  bones, 
pectus  excavatum  aero-osteolysis  involving 
fingers. 

Nonintemipted  periosteal  reaction  and  bone 
formation  from  thyroid  acropadiy 
( Rg.  10.66) 

Asymmetric,  irregular,  spiculated  periosteal 
thickening  seen  in  the  diaphyseal  portions  of 
one  or  multiple  bones  (metacarpal  and  meta- 
tarsal bones,  phalanges,  other  bones). 

This  disorder  represents  an  extreme  form  of 
autoimmune  thyroid  disease  with  dinical  mani- 
festations such  as  swelling  of  tire  digits  and  toes, 
digital  clubbing,  and  periosteal  reaction.  Thyroid 
denmopathy  (pretibial  myxedema)  occurs  in  A% 
of  patients  with  Graves  ophthalmopathy.  Pro- 
nounced cases  of  thyroid  dermopathy  can  be 
associated  with  thyroid  acropachy  in  1%  of 
patients  with  Graves  ophthalmopathy. 

Nonintemipted  periosteal  reaction  from  hyper- 
vitaminosis  A 

Smooth  and  wavy  periosteal  and  cortical  thick- 
ening seen  in  the  diaphyseal  portions  of  one  or 
multiple  bones  (ulna,  metataisal  bones,  davkle, 
tibia,  fibula,  other  bones).  Damage  to  the 
physeal  plates  can  result  in  irregularities  and 
premature  fusion,  as  well  as  splaying  and 
cupping  deformities  of  the  metaphyses. 

Vitamin  A intoxication  in  children  can  result  in 
anorexia,  dermatologic  and  osseous  disorders. 

In  children,  damage  to  the  physeal  plates  may 
be  irreversible  despite  cessation  of  vitamin  A 
administration.  In  adults,  anorexia,  weight  loss, 
and  dermatologic  disorders  are  frequently 
associated  with  hypervitaminosis  A. 

Nonintemipted  periosteal  reaction  from 
hypovftamlnosls  A 

Smooth  and  wavy  periosteal  and  cortical  thick- 
ening seen  In  the  diaphyseal  portions  of  one  or 
multiple  bones. 

Vitamin  A deficiency  can  result  In  anemia, 
dermatologic  abnormalities  (dry  and  scaly  skin), 
growth  relaxation,  osseous  abnormalities, 
cranial  nerve  and  visual  disorders. 
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Fig.  10.65  Generalized  aortlcal  hyperostosis  (van  Buchem  syndrome). 
Radiographs  show  sclerosis  and  cortical  thickening  Involving  the 
diaphyses  of  the  femur,  tibia,  and  fibula. 


Flg.10.66  Thyroid  acropachy.  Radiograph  shows  asymmetric. 
Irregular,  periosteal  cortical  bone  thickening  Involving  the  diaphyseal 
portions  of  multiple  metacarpal  bones  and  phalanges. 
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Table  10.2  (Cont)  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 


MRI  findings 


Comments 


Nonintemjpted  periosteal  reaction  from  hypo- 
vitaminosis  C (scurvy) 

(►  Fig.  10.67) 


In  children  periosteal  elevation  with  new  bone 
formation  can  be  seen  in  the  diaphyseal  and 
metaphyseal  portions  of  one  or  multiple  bones 
from  subperiosteal  hemorrhage.  Metaphyseal 
beakjike  bone  protrusions  can  occur  from  the 
abnormal  zones  of  provisional  calcification  at 
the  physeal  plate,  as  well  as  subepiphyseal 
fractures.  In  adults,  osteopenia  with  hemarth- 
rosis  can  be  associated  with  ischemic  necrosis 
and  fractures  with  mild  periosteal  reaction. 


In  young  children,  vitamin  C deficiency  after  4 to 
10  months  can  result  in  infantile  scurvy  with 
clinical  features  including  failure  to  thrive, 
petechial  hemorrhages,  ulcerated  gingiva, 
hematemesis,  melena,  hematuria,  and  anemia. 
Clinical  features  associated  with  adult  scurvy 
include  anorexia,  fatigue,  weakness,  petechial 
hemorrhages  involving  gingiva  and  skin, 
hemardirosis,  osteoporosis,  ischemic  necrosis, 
dennatologic  disorders  (dry  and  scaly  skin), 
growth  retardation,  osseous  and  nerve 
disorders. 


Malignant  iQions 


Parosteal  osteosarcoma 
(►  Fig.  10.68) 


These  tumors  occur  at  the  surface  of  bone  and 
extend  outward  with  well-defined  and/or 
indistinct  margins.  Portions  of  these  tumors 
that  extend  toward  the  juxtacortical  soft  tissues 
typically  have  mixed  soft  tissue  and  mineralized 
components.  The  mineralized  portions  of  these 
tumors  tend  to  be  dense  centrally  and  at  the 
sites  of  contiguity  (broad-based  or  stalk-like) 
with  the  outer  cortical  margins.  The  mineralized 
portions  of  these  tumors  usually  have  low  signal 
on  T1WI,  PDWI,  T2WI,  and  FS  PDWI  and  FS 


Malignant  tumor  composed  of  proliferating 
neoplastic  spindle  cells,  which  produce  osteoid 
and/or  immature  tumoral  bone.  Parosteal 
osteosarcomas  arise  on  the  external  surface  of 
bone  and  account  for  4 to  6%  of  osteosarcomas. 
They  occur  in  patients  age  6 to  80  years, 
median  = 27  years. 


T2WI.  The  soft  tissue  portions  of  these  tumors 
often  have  low-intermediate  signal  on  T1  Wl, 
intermediate  to  siightly  high  or  high  signal  on 
T2WI,  and  high  signal  on  FS  PDWI  and  FS  T2WI. 
Tumor  extension  into  the  medullary  space  seen 
with  MRI  can  occur  in  up  to  50%.  After  Gd- 
contrast  administration,  nonnecrotic  or  non- 
mineraliaed  soft  tissue  portions  of  these  tumors 
usually  show  enhancement  as  well  as  sites  of 
invasion  into  the  medullary  space  and  adjacent 
soft  tissues. 
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Fig.  10.67  Hypovitamirtosis  C (scurvy).  Radiograph  shows  periosteal 
elevation  with  calcified  subperiosteal  hemorrhage. 


Fig.  10.68  Parosteal  osteosarcoma  of  the  dorsal  distal  portion  of  die  femur  in  a 45-year-old  woman.  The  tumor  has  mixed  low.  intermediate,  slightly 
high,  and  high  signal  (arrow)  on  sagittal  fat-suppressed  T 2- weigh  ted  imaging  (a)  and  mixed  low  and  intermediate  signal  (arrow)  on  axial  proton 
density-weighted  imaging  (b).  The  tumor  extends  into  the  marrow  through  a zone  of  cortical  destruction.  The  mineralized  portions  of  this  tumor  have 
low  signal.  Axial  eomputed  tomographic  image  (c)  shows  soft  tissue  tumor  containing  mineralized  osteoid  along  the  dorsal,  medial,  and  lateral  outer 
margins  of  tire  bone  cortex. 
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Table  10.2  (Cant.)  Lesions  associated  with  thickening  of  bone  cortex 


Abnormalities 

MRI  findings 

Comments 

Intraosseous  osteosarcoma 
( Fig.  10.69) 

Intramedullary  osteosarcomas  often  have  zones 
of  cordcal  destruction  through  which  tumors 
extend  toward  die  extraosseous  soft  tissues 
under  an  elevated  periosteum.  Lamellated  and / 
or  spiculated  zones  of  bone  formation  can  occur 
under  the  periosteal  elevation  secondary  to 
tumor  Invasion  and  perforation  of  bone  coitex. 
Low  signal  from  spicules  of  periosteal,  reactive, 
and  tumoral  bone  formation  may  have  a 
divergent  (sunbuist)  pattern,  perpendicular 
(hair  on  end)  pattern,  or  disorganized  or 
complex  appearance. 

Malignant  tumor  composed  of  proliferating 
neoplastic  spindle  cells  that  produce  osteoid 
and/or  immature  tumoral  bone  and  which  most 
often  occur  within  bone,  intraosseous  osteo- 
sarcoma accounts  for  91  to  95%  of  osteo- 
sarcomas. Osteogenic  sarcoma  has  two  age 
peaks  of  Incidence.  The  laiger  peak  occurs 
between  the  ages  of  10  and  20  and  accounts  for 
over  half  of  the  cases.  The  second  smaller  peak 
occurs  In  adults  over  60  years  and  accounts  for 
approximately  10%  of  the  cases. 

Adamantinoma 
( Fig.  10.70) 

Most  frequently  appear  as  a solitary  tabulated 
focus  versus  a multinodular  pattern  of  signal 
alteration  In  thickened  bone  cortex.  More  than 
half  Involve  bone  cortex  and  marrow  compared 
witii  only  cortical  Involvement.  Tumor  foci  In 
bone  typically  have  low-intermediate  signal  on 
T1WI  and  PDWI,  and  slightly  high  to  high  signal 
on  12WI  and  FS  T2WI.  Lesions  usually  show 
prominent  Gd-contrast  enhancement.  Ada- 
mantinomas with  a multinodular  pattern  have 
enhancing  nodules  that  have  high  signal  on 
T2WI  and  FS  T2WI  sepaiated  by  zones  of  low 
signal  from  intervening  cortical  bone. 

Rare  low-grade  malignant  bone  tumors  con- 
sisting of  epldiellal  cells  surrounded  by  spindle 
eeils  and  osteofibrous  tissue  that  often  involve 
tiie  shaft  of  the  tibia  and  account  fdr<  1%  of 
primary  bone  tumors.  Patients  range  In  age 
from  3 to  86  years,  median  = 19  to  25  years, 
average- 35  years,  most  common  in  third  and 
fourth  decades. 

► 


Fig.  10.69  A 10-yaar-old  bay  with  a conventional  Intramedullary  osteosarcoma  In  die  marrow  of  the  distal  dlmetaphyseal  portion  of  die  femur.  The 
tumor  is  associated  widi  'onion  skin”  multilayered  tumoral  periosteal  reaction  laterally  and  interrupted  tumoral  periosteal  reaction  with  a Codman 
triangle  medially  on  anteroposterior  radiograph  (a).  The  tumor  has  heterogeneous  intermediate  signal  on  coronal  T1  -weighted  Imaging  (b)  and 
heterogeneous  high  signal  on  coronal  fat-suppressed  T2-welghted  Imaging  (c).  The  Intramedullary  tumor  Is  associated  with  zones  of  cordcal 
destruction,  periosteal  elevation,  and  extraosseous  extension. 
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Flg.10.70  Adamantinoma  Involving  the 
anterior  aortex  of  the  proximal  shall  of 
the  tibia.  The  lesion  expands  and  thins 
bone  cortex  (arrow)  on  radiograph  (a)  and 
has  intermediate  signal  on  sagittal  T1- 
welghted  Imaging  (T1WI)  (b),  high  signal 
on  sagittal  T2-welghted  Imaging  (c),  and 
shows  gadolinium-aontrast  enhancement 
on  sagittal  fat-supprened  T1  Wl  (d). 
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10.3  Intramedullary  Lesions 
Associated  with  Expansion  of 
Intact  Cortical  Margins 

• Nonmalignant  lesions 
o Nonossifying  fibroma  (fibroxanthoma) 

° Osteochondroma 
° Enchondroma 
o Fibrous  dysplasia 
o Unicameral  bone  cyst  (UBC) 
o Aneurysmal  bone  cyst  (ABC) 

° Giant  cell  reparative  granuloma  (solid  aneurysmal 
bone  cyst) 


o Giant  cell  tumor  of  bone 
o Chondromyxoid  fibroma 
o Osteoblastoma 
o Hemangioma 
o Chondroblastoma 
o Ameloblastoma 
o Desmoplastic  fibroma 
o Osteofibrous  dysplasia 
o Gaucher  disease 
o Hemophilic  pseudotumor 
o Brown  tumor 
• Malignant  lesions 
o Adamantinoma 
o Other  malignant  lesions 


Table  10.3  Intramedullary  lesions  associated  with  expansion  of  intact  cortical  margins 


Abnormalities 
Nonmalignant  lesions 

Nonossifying  fibroma  (fibroxanthoma) 
(►  Fig.  10.71) 


Osteochondroma 
(►  Fig.  10.72) 


MRI  findings 


Well-circumscribed  eccentric  intramedullary 
lesions  in  the  dimetaphyseal  regions  of  long 
bones,  which  have  mixed  low-intermediate 
signal  on  Tl-weighted  imaging  (T1WI),  and 
mixed  low,  intermediate,  and/or  high  signal  on 
T2-weighted  imaging  (T2WI),  proton  density- 
weighted  imaging  (PDWI),  and  fat-suppressed 
(FS)  72WI.  Zones  of  low  signal  on  T1WI,  PDWI. 
and  T2WI  can  be  seen  in  the  central  portions  of 
the  lesions.  Zones  with  varying  thickness  of  low 
signal  on  T1  Wl,  PDWI,  and  T2WI  are  seen  at  the 
margins  of  the  lesions  representing  bone 
sclerosis.  Internai  septations  are  commonly  seen 
as  Jones  of  low  signal  on  T2WI  in  these  lesions. 
Cortical  thinning  or  thickening,  and  bone 
expansion  can  be  seen.  Lesions  can  show 
gadolinium  (Gd)-contrast  enhancement  (heter- 
ogeneous > homogeneous  patterns).  Linear 
periosteal  Gd-contrast  enhancement  can  be 
seen  at  lesions  with  associated  fracture  or 
marked  cortical  expansion/thinning. 
Circumscribed  piotruding  lesion  arising  from 
outer  cortex  with  a central  2one  with  intenne- 
diate  signal  on  T1  Wl  and  T2WI  similar  to 
man  ow  surrounded  by  a peripheral  aone  of  low 
signal  on  T1  Wl  and  T2WI.  A caitilaginous  cap 
with  high  signal  on  T2WI  and  FS  T2WI  is  usually 
present  in  children  and  young  adults.  Increased 
malignant  potential  when  the  cartilaginous  cap 
is  >2  cm  thick.  The  cartilaginous  caps  regress 
and  involute  progressively  after  sleletal 
maturation. 


Comments 


Fibrous  cortical  defects  (FCDs)  and  nonossifying 
fibromas  (NOFs)  are  well-circumscribed  com- 
mon benign  fibrohistiocytic  lesions  in  the 
metaphyseal  portions  of  long  bones,  which  are 
composed  of  whorls  of  fibroblastic  cells  com- 
bined with  smaller  amounts  of  multinudeated 
giant  aells  and  xanthomatous  cells.  Both  FCDs 
and  NOFs  have  similar  pathological  findings, 
although  they  differ  in  size  and  primary  loca- 
tions in  long  bones.  FCDs  are  small  lesions 
primarily  located  in  bone  cortex,  whereas  the 
larger  NOFs  are  located  eccentrically  in  the 
medullary  cavity.  FCDs  and  NOFs  are  usually 
asymptomatic  and  are  often  detected  as  inci- 
dental findings.  The  true  incidence  of  these 
lesions  is  unknown  but  may  be  up  to  40%  of 
children;  95%  occur  between  the  ages  of  5 and 
20,  median  - 1 4 years. 


Benign  caitilaginous  tumors  arising  from  defect 
at  periphery  of  growth  plate  during  bone 
formation  with  resultant  bone  outgrowth  cov- 
ered by  a cartilaginous  cap.  Usually  benign 
lesions  unless  associated  with  pain  and  increas- 
ing size  of  cartilaginous  cap.  Osteochondromas 
are  common  lesions,  accounting  for  1 4 to  35% 
of  primary  bone  tumors.  Occur  with  median  age 
of  20  years,  up  to  75%  of  patients  are  less  than 
20  years. 

(continued  on  page  376) 
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F1g.10.71  A Itryear-old  girl  with  a non- 
ossifying fibroma  involving  tile  diaphyseal 
portion  of  the  distal  tibia.  Itie  lesion  has 
circumscribed  margins  and  has  mixed  low 
and  intermediate  signal  on  coronal  T1- 
welghted  Imaging  (a)  and  low  and  high 
signal  on  coronal  fat-suppressed  T2- 
weighted  imaging  (b).  Cortical  thinning 
and  slight  expansion  are  seen. 


Flg.10.72  A 22-year-old  man  with  an 
osteochondroma  protruding  medially 
from  die  proximal  humerus  as  seen  on 
coronal  Tl-welghted  Imaging  (a)  and 
coronal  fat-suppresed  T2-weighted 
Imaging  (b). 
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Table  10.3  (Cont)  Intramedullary  lesions  associated  with  expansion  of  intact  cortical  margins 
Abnormalities  MRI  findings 

Enchondroma  Lobulated  intramedullary  lesions  with  well- 

(i  Fig.  10.73)  defined  borders  ranging  In  size  from  3 to  1 6 cm. 

mean  = 5 cm.  Mild  endosteal  scalloping  can  be 
seen.  Cortical  bone  expansion  rarely  occurs. 
Lesions  usually  have  low-intermediate  signal  on 
T1WI  and  intermediate  signal  on  PDWI.  On 
T2WI  and  FS  T2WI,  lesions  usually  have  pre- 
dominantly high  signal  with  foci  and/or  bands  of 
low  signal  representing  areas  of  matrix  miner- 
alization and  fibrous  strands.  No  zones  of 
abnormal  high  signal  on  T2WI  are  typically  seen 
in  the  marrow  outside  the  borders  of  the 
lesions.  Lesions  typically  show  Cd-contrast 
enhancement  in  various  patterns  (peripheral 
curvilinear  lobular,  central  nodular/septal  and 
peripheral  lobular,  or  heterogeneous  difFuse). 


Comments 

Benign  intramedullary  lesions  composed  of 
hyaline  cartilage  represent  approximately  10%  of 
benign  bone  tumors.  Enchondromas  can  be 
solitary  (88%)  or  multiple  (12%).  Ollier  disease  is 
a dyschondroplasia  involving  endochondral- 
formed  bone  resulting  in  multiple  enchondro- 
mas (enchondromatosis).  Metachondromatosis 
is  a combination  of  enchondromatosis  and 
osteochondromatosis  and  is  rare.  Maffucci 
syndrome  manifests  with  multiple  enchondro- 
mas and  soft  tissue  hemangiomas  and  is  very 
rare.  Patients  range  in  age  from  3 to  83  years, 
median  = 35  years,  mean  = 38  to  40  years,  peak 
in  third  and  fourth  decades. 


(continued  on  poge  378) 
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Fig.  10.73  A 16  year-old  girl  with  an  endwndroma  In 
tile  diaphyseal  marrow  of  tile  radius.  The  circum- 
scribed radiolucent  lesion  aontalns  chondrold  miner- 
alization and  expands  and  thins  bone  cortex  as  seen 
on  radiograph  (a).  Hie  lesion  has  intermediate  signal 
on  Tl-weighted  imaging  (T1WI)  (b)  and  mostly  high 
signal  on  fat-suppressed  (FS)  T2-weighted  imaging 
(c).  The  lesion  shows  peripheral  and  central  lobular 
Gd-contrast  enhancement  on  coronal  FS  T1W1  (d). 


377 


Lesions  Involving  Bones 


Table  10.3  (Cont)  Intramedullaiy  lesions  associated  with  expansion  of  intact  cortical  margins 


Abnormalities 

Fibrous  dysplasia 
(►  Fig.  10.74) 


Unicameral  bone  cyst  (UBC) 
(►  Fig.  10.75) 


MRI  findings 

MRI  features  depend  on  the  proportions  of  bony 
spicules,  collagen,  fibroblastic  spindle  cells, 
hemorrhagic  and/or  cystic  changes,  and  asso- 
ciated pathological  fracture  if  present.  Lesions 
are  usually  well-circumscribed  and  have  low  or 
low-intermediate  signal  on  T1  Wl  and  PDWL  On 
T2WI,  lesions  have  variable  mixtures  of  low, 
intermediate,  and/or  high  signal  often  sur- 
rounded by  a low  signal  rim  of  variable 
thickness.  Internal  septations  and  cystic 
changes  are  seen  in  a minority  of  lesions.  Bone 
expansion  with  thickened  and/or  thinned  cortex 
can  be  seen.  Lesions  show  Gd-contrast 
enhancement  that  varies  in  degree  and  pattern. 

UBCs  often  have  a peripheral  rim  of  low  signal 
on  T1 W,  PDWI,  and  T2WI  adjacent  to  normal 
medullaiy  bone.  UBCs  usually  contain  fluid  with 
low  to  low-intermediate  signal  on  T1WI;  low- 
intermediate,  intermediate,  or  slightly  high 
signal  on  PDWI;  and  high  signal  on  T2WI.  Fluid- 
fluid  levels  may  occur.  In  tubular  bones,  mild  to 
moderate  expansion  of  bone  may  occur  with 
variable  thinning  of  the  overlying  cortex.  For 
UBCs  without  pathological  fracture,  thin 
peripheral  Gd-contrast  enhancement  can  be 
seen  at  the  margins  of  lesions.  UBCs  with 
pathological  fracture  can  have  heterogeneous 
or  homogeneous  low-intermediate  or  slightly 
high  signal  onTIWI,  and  heterogeneous  or 
homogeneous  high  signal  onT2WI  and  F5  T2WI. 
UBCs  complicated  by  fracture  can  have  internal 
septations  and  fluid-fluid  levels,  as  well  as 
irregular  peripheral  Gd-contrast  enhancement 
and  at  internal  septations. 


Comments 

Benign  medullary  fibro-osseous  lesion,  which 
can  involve  a single  site  (mono-ostotic)  or 
multiple  locations  (polyostotic).  Thought  to 
occur  from  developmental  failure  in  the  normal 
process  of  remodeling  primitive  bone  to  mature 
lamellar  bone  with  resultant  zone  or  zones  of 
immature  trabeculae  within  dysplastic  fibrous 
tissue.  Accounts  for  approximately  10%  of 
benign  bone  lesions.  Patients  range  in  age 
from  < 1 year  to  76  years;  75%  occur  before  the 
age  of  30  years. 


Intramedullary  nonneoplastic  cavities  filled  with 
serous  or  serosanguinous  fluid.  Account  for  9% 
of  primaiy  tumor-like  lesions  of  bone;  85%  occur 
in  the  first  2 decades,  median  = 11  years. 


(continued  on  page  380) 
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Fig.  10.74  A 46-year-old  woman  with  fibrous 
dysplasia  expanding  the  metadiaphyseai  and 
diaphyseal  portions  of  the  tibia  as  seen  on 
sagittal  Tl-welghted  Imaging  (a),  and  sagittal 
fat-suppressed  T2-weighted  imaging  (b). 


Fig.  10.75  A 17-year-old  girl  with  a unicameral  bone  cyst  within  the  distal  metadiaphyseal  portion  of  the  femur  as  seen  on  coronal  Tl-weighted 
imaging  (a)  and  axial  fat-suppressed  72-weighted  imaging  (b).  Cortical  thinning  and  slight  expansion  are  seen. 
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Table  10.3  (Cont.)  intramedullary  lesions  associated  with  expansion  of  Intact  cortical  margins 


Abnormalities 

MRI  findings 

Comments 

Aneurysmal  bone  cyst  (ABC) 

(►  Fig.  10.76) 

ABCs  often  have  a low  signal  rim  on  T1  Wl, 

PDWI,  and  T7WI  adjacent  to  normal  medullary 
bone,  and  between  extraosseous  soft  tissues. 
Various  eombinations  of  low.  Intermediate,  and / 
or  high  signal  on  T1WI,  PDWI,  and  T2WI  ane 
usually  seen  within  ABCs  as  well  as  flluid-lluid 
levels.  Vailable  Gd-contrast  enhancement  Is 
seen  at  die  margins  of  lesions  as  well  as 
involving  die  internal  septae. 

Tumor-like  expansile  bone  lesions  containing 
cavernous  spaces  filled  with  blood.  ABCs  can  be 
primary  bone  lesions  (2/3)  or  secondary  to  other 
bone  lesions/tumors  (such  as  giant  cell  tumors, 
chondroblastomas,  osteoblastomas,  osteo- 
sarcomas. chondromyxoid  fibromas,  nonossify- 
ing fibromas,  fibrous  dysplasia,  fibrosarcomas, 
malignant  fibrous  histiocytomas,  and  metastatic 
disease).  Account  for  approximately  1 1%  of 
prlmaiy  tumor-llke  lesions  of  bone.  Patients 
usually  range  In  age  from  1 to  25  years, 
median  = 14  years. 

Giant  cell  reparative  granuloma  (solid  aneurys- 
mal bone  cyst) 

(►  Fig.  10.77) 

Radlolucent  bone  lesions  on  CT,  and  typically 
occur  in  the  metaphysis  and/or  diaphysis.  Bone 
expansion  may  occur  with  or  without  Intact  thin 
eortical  margins.  Extraosseous  extension  of 
lesions  may  occur,  lesions  can  have  heteroge- 
neous low,  intennediate,  and/or  high  signal  on 
T1WI,  PDWI,  and  T2WI;  as  well  as  peripheral 
rlmllke  and  central  Gd-contrast  enhancement 
on  F5  T1WI. 

Giant  cell  granulomas  (also  known  as  solid 
aneurysmal  bone  cysts)  ane  reactive  granulo- 
matous lesions  that  have  histological  features 
similar  to  brown  tumors.  Lesions  contain  multi- 
nucleated  giant  cells  adjacent  to  sites  of 
hemorrhage,  and  fibroblasts.  Osteoid  formation 
adjacent  to  sites  of  hemonliage  can  be  seen. 
Lesions  usually  occur  In  patients  lex  than  30 
years  and  are  most  frequently  found  in  the 
mandible,  maxilla,  and  small  bones  of  the  hands 
and  feet.  Lesions  In  long  bones  have  also  been 
referred  to  as  solid  variants  of  aneurysmal  bone 
cysts. 

Giant  cell  tumor  of  bone 
(►  Fig.  10.78) 

lesions  may  have  expanded  and  thinned  eortical 
margins  on  radiographs.  Lesions  may  also  show 
eortical  disruption  and  extraosseous  extension 
on  MRI.  Solid  portions  of  giant  eell  tumors  often 
have  low  to  intermediate  signal  on  T1WI  and 
PDWI,  Intermediate  to  high  signal  on  T2WI,  and 
high  signal  on  FS  PDWI  and  F5 12WI.  Signal 
heterogeneity  on  12WI  is  common.  Aneurysmal 
bone  cysts  can  be  seen  In  14%  of  giant  eell 
tumors.  Varying  degrees  of  Gd-contrast 
enhancement  can  be  seen.  Peripheral  rim-like 
Gd-eontrast  enhancement  may  be  seen  around 
cystic  zones/aneurysmal  bone  cysts. 

Aggressive  intraosseous  tumors  composed  of 
neoplastic  ovoid  mononudear  cells  and  scat- 
tered multinudeated  asteodast-llke  giant  cells 
(derived  from  fusion  of  marrow  mononuclear 
cells).  Up  to  10%  of  all  giant  cell  tumors  are 
malignant  Benign  giant  cell  tumors  account  for 
approximately  5 to  9.5%  of  all  bone  tumors  and 
up  to  23%  of  benign  bone  tumors.  Occurs  in 
patients  age  4 to  81  years  (median-  30  years); 
75%  occur  in  patients  betvreen  the  ages  of  1 5 
and45. 

(continued  on  poge  382) 

Fig.  10.76  An  11 -year-old  boy  with  an  aneurysmal  bone  cyst  Involving  die  medial  proximal  shaft  of  die  femur.  Anteroposterior  radiograph  shows  an 
expansle  radloluaent  lesion  with  thinned  aortex  (arrow)  (a).  Coronal  (b)  and  axial  fat-suppressed  12- weighted  imaging  (c)  shows  a multlseptated 
lesion  with  fluid-fluid  levels  aontaining  high  and  low-intermediate  signal. 
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Flg.10.77  A 14-year-old  girl  with  a giant  cell  reparative  granuloma  (solid  aneurysmal  bone  cyst)  Involving  the  medial  portion  of  the  proximal  tibial 
shaft.  Anteroposterior  radiograph  (a)  shows  a welkclrcumscribed  radlolucent  lesion  with  thin  sderotk  margins,  thinning  and  slight  expansion  of  the 
bone  oo r hex  (arrow).  The  lesion  has  mixed  low,  intermediate,  and  high  signal  on  axiai  12-weighted  imaging  (b)  and  shows  heterogeneous  Gd-contrast 
enhancement  on  coronal  fat-suppressed  Tl-welghted  Imaging  (c).  Poorty  defined  contrast  enhancement  Is  also  seen  in  the  marrow  peripheral  to  the 
lesion. 


Fig.  10.78  A 52-year-old  man  with  a giant 
cell  tumor  involving  the  distal  ulna.  Hie 
radiolucent  lesion  expands  and  thins  bone 
cortex  as  seen  on  radiograph  (a).  The 
lesion  shows  Gd-contrast  enhancement 
on  coronal  fat-suppressed  T1  -weighted 
imaging  (b). 
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Table  10.3  (Cont)  Intramedullaiy  lesions  associated  with  expansion  of  intact  cortical  margins 


Abnormalities 

Chondromyxoid  fibroma 
(►  Fig.  10.79) 


Osteoblastoma 
(►  Fig.  10.80) 


MRI  findings 

Lesions  are  often  slightly  lobulated  with  low- 
intermediate  signal  on  T1  Wl,  intermediate 
signal  on  PDWI,  and  heterogeneous  predomi- 
nantly high  signal  onT2WI.  Thin  low  signal  septa 
within  lesions  on  T2WI  are  secondary  to  fibrous 
strands.  Lesions  are  surrounded  by  low  signal 
borders  representing  thin  sclerotic  reaction. 
Edema  is  not  typically  seen  in  medullary  bone. 
Lesions  show  prominent  diffuse  Cd-contrast 
enhancement. 

Lesions  appear  as  spheroid  or  ovoid  zone 
measuring  greater  than  1.5  to  2 cm  located 
within  medullary  and/or  cortical  bone  with  low- 
intermediate  signal  on  T1  Wl;  low-intermediate 
to  slightly  high  signal  on  PDWI;  and  low- 
intermediate  and/or  high  signal  on  T2WI  and  F5 
T2WI.  After  Cd-contrast  administration,  osteo- 
blastomas show  vaiiable  degrees  of  enhance- 
ment Expansion  of  thinned  cortical  margins  can 
be  seen  as  well  as  thickening  of  cortical  bone 
and  medullaiy  sclerosis.  Zones  of  sclerotic  bone 
reaction  adjacent  to  osteoblastomas  typically 
show  low  signal  on  T1 W,  T2WI,  and  FS  T2WI. 
Poorly  defined  zones  of  marrow  signal  alteration 
consisting  of  low-intermediate  signal  on  T1WI, 
high  signal  on  T2WI  and  FS  T2WI,  and  corre- 
sponding Cd-contrast  enhancement  can  be 
seen  in  the  marrow  adjacent  to  osteoblastomas 
as  well  as  within  the  extraosseous  soft  tissues. 


Comments 

Rare  benign  slow-growing  bone  lesions  that 
contain  chondroid,  myxoid,  and  fibrous  com- 
ponents. Chondromyxoid  fibromas  lepresent  2 
to  4%  of  primary  benign  bone  lesions,  and<1% 
of  primary  bone  lesions.  Most  chondromyxoid 
fibromas  occur  between  the  ages  of  1 and  40 
years,  with  a median  of  17  years,  and  peak 
incidence  in  the  second  to  third  decades. 


Rare  benign  bone-forming  tumors  which  are 
histologically  related  to  osteoid  osteomas. 
Osteoblastomas  aie  larger  than  osteoid  osteo- 
mas and  show  progressive  enlargement 
Account  for  3 to  6%  of  primary  benign  bone 
tumors  and<  1 to  2%  of  all  primary  bone 
tumors.  Occurs  in  patients  age  1 to  30  years, 
median  = 15  years,  mean  age=  20  years. 
Approximately  90%  of  lesions  occur  in  patients 
less  than  30  years. 


(continued  on  page  3 84) 
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Fig,  10,79  A 39ye0r-old  woman  with 
diondromyaoid  fibroma  in  tiie  distal 
femur.  Anteroposterior  radiograph  (a) 
shows  a radlolucent  well-circumsaibed 
eccentiic  lesion  in  tiie  femur  with  ridges 
associated  with  slight  expansion  and 
thinning  of  the  overlying  cortex  (arrow). 
The  lesion  has  high  signal  on  anal  12- 
weighted  imaging  (b)  and  shows  promi- 
nent gadolinium-contrast  enhancement 
on  axial  (c)  and  coronal  fat-suppressed  T1- 
weighted  imaging  (d). 


Fig,  10.80  A 24-year-old  man  with  an 
osteoblastoma  Involving  the  distal  tibia. 
The  lesion  thins  and  expands  bone  cortex 
(anew)  on  lateral  radiograph  (a).  The 
lesion  (arrow)  has  heterogeneous  low  and 
Intermediate  signal  on  sagittal  Tl- 
weighted  imaging  (T1WI)  (b).  and  has 
heterogeneous  signal  with  zones  of  high 
and  low  signal  on  sagittal  fat-suppressed 
12-weighted  imaging  (FS 12WI)  (c).  The 
tumor  shows  prominent  heterogeneous 
gadolinium-contrast  enhancement  on 
sagittal  FS  T1WI  (d).  Poorly  defined  aones 
of  high  signal  on  FS  T2WI  and  contrast 
enhancement  are  seen  In  tiie  marrow  and 
soft  tissues  adjacent  to  the  lesion. 
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Table  10.3  (Cont.)  Intramedullary  lesions  associated  with  expansion  of  intact  cortical  margins 


Abnormalities 

MRI  findings 

Comments 

Hemangioma 
(►  Fig.  10.81) 

Often  well-circumscribed  lesions,  which  often 
have  intermediate  to  high  signal  on  T1  Wl,  ROW!, 
T2WI,  and  FS  T2W1.  Hemangiomas  usually  show 
Gd-aontrast  enhancement  (mild  to  prominent). 
Expansion  of  aortlcal  margins  can  occasionally 
oacur  with  intraossous  hemangiomas. 

Benign  lesions  of  bone  and  soft  tissues  com- 
posed of  capillary,  cavernous,  and/or  malformed 
venous  vessels.  Consideied  to  be  a hamartom- 
atous  dlsoider,  account  for  2 to  435  of  benign 
bone  tumors  and  approximately  1%  of  all  bone 
tumors. 

Chondroblastoma 
( Fig.  10.82) 

Tumors  often  have  fine  lobular  margins  and 
typically  have  low-intermediate  heterogeneous 
signal  on  T1WI,  and  mixed  low.  Intermediate, 
and/or  high  signal  on  12WI.  Areas  of  low  signal 
on  T2WI  are  seoondary  to  chondroid  mabix 
mlneralizadon,  and/or  hemosiderin.  Lobular, 
marginal,  or  septal  Gd-contrast  enhancement 
patterns  can  be  seen.  Tumors  may  have  tiiin 
margins  of  low  signal  on  T2 Wl  representing 
sdeiotlc  borders.  Bone  expansion  can  occa- 
sionally occur.  Poorly  defined  zones  of  high 
signal  on  T2W1  and  corresponding  Gd-contrast 
enhancement  can  be  seen  In  die  adjacent 
marrow  and  extraosseous  soft  tissues. 

Benign  cartilaginous  tumors  with  diondioblast- 
like  cells  and  areas  of  chondroid  matrix  forma- 
tion. Accounts  for  5 to  9%  of  benign  bone 
lesions  and  1 to  335  of  all  primary  bone  tumors; 
patients  range  in  age  from  1 0 to  30  years, 
(median  - 17  years. 

Ameloblastoma 
(►  Rg.  10.83) 

lesions  are  often  radlolucent  wldi  associated 
bone  expansion  and  cortical  thinning  on  CT. 
Tumors  often  have  drcumscribed  margins  and 
can  show  mixed  low,  intermediate,  and/or  high 
signal  on  T1WI.12WI,  and  FS  T2WI.  Lesions  can 
show  heterogeneous  Gd-contrast  enhance- 
ment 

Ameloblastomas  are  slow-growing  solid  and 
cystic  bone  tumors  that  contain  epldiellold  cells 
(basaloid  and/or  squamous  types)  associated 
with  regions  of  spindle  cells  and  fibrous  stroma. 
These  tumors  occur  In  the  mandible  and  m axilla 
and  typically  lack  metastatic  potential. 

Desmoplastic  fibroma 
(►  Fig.  10.84) 

iobulated  lesions  with  abrupt  zones  of  transi- 
tion. lesions  usually  have  low-intermediate 
signal  on  T1WI,  Intennediate  signal  on  PDWI, 
heterogeneous  Intennediate  to  high  signal  on 
12WI.  Lesions  may  have  internal  or  peripheral 
cones  of  low  signal  on  T1WI  and  T2WI  second- 
ary to  dense  collagenous  parts  of  die  lesions 
and/or  foci  witii  high  signal  onT2WI  from  cystic 
jones.  Thin  curvilinear  zones  of  low  signal  on 
T2WI  can  be  seen  at  die  margins  of  die  lesions, 
lesions  show  variable  degrees  and  patterns  of 
Gd-contrast  enhancement 

Represent  rare  Intraosseous  desmoid  tumors, 
which  are  composed  of  benign  fibrous,  tissue 
with  elongated  or  spindle-shaped  cells  adjacent 
to  collagen.  Account  for<  IX  of  primary  bone 
lesions.  Occur  in  patients  age  1 to  71  years, 
moan  - 20  years,  median -34  years,  peak 
second  decade. 

(continued  on  page  286) 

Fig.  10.81  A 33-year-old  woman  with  a 
hemangioma  Involving  the  skull.  The 
circumscribed  lesion  contains  thickened 
trabeculae  In  a ^spoke-wheel  pattern* 
within  a radlolucent  zone  (arrow).  The 
lesion  is  associated  with  expansion  and 
thinning  of  both  die  inner  and  outer 
tables  of  die  skull  on  axial  computed 
tomography  (a).  The  lesion  shows  heter- 
ogeneous gadolinium-contrast  enhance- 
ment on  coronal  T1 -weighted  Imaging  (b). 


Lesions  Involving  Bones 


a 


Fig.  10.82  A 17-ycar-old  boy  with  chondroblastoma  Involving  die  epiphysis  of  die  femoral  head.  The  radlolucent  lesion  expands  and  thins  the  medial 
•ordeal  maigln  (anew)  as  seen  on  radiograph  (a).  The  lesion  has  a tiiln  peripheral  zone  of  low  signal  on  coronal  Tl-welghted  Imaging  (T1WI)  (b)  and 
coronal  fat-suppressed  T2 -weighted  Imaging  (FS T2WI)  (c).  The  lesion  has  low-intermediate  signal  on  T1WI,  and  has  both  zones  of  Intermediate  and 
high  signal  and  FS  T2WI  (arrow),  as  well  as  in  die  adjacent  marrow.  Thinning  and  expansion  of  tire  cortex  are  seen  as  well  as  a joint  flluid  collection. 


Fig.  10.83  A 70-year-old  woman  wltii 
ameloblastoma  involving  die  right  man- 
dible. Axial  computed  tomographic  image 
shows  a radiolucent  lesion  with  expansion 
and  thinning  of  coitical  bone  (arrow)  (a). 
The  lesion  (arrow)  has  mosdy  high  signal 
with  small  zones  of  low  and  intermediate 
signal  on  axial  12-weighted  imaging  (b). 


Fig.  10.84  A 33-year-old  woman  with  a desmoplastic  fibroma  Involving  die  L5  vertebral  body,  right  pedicle,  and  tr  ansverse  process.  Coronal  (a)  and 
axial  (b)  computed  tomographic  Images  show  an  expansile  radlolucent  lesion  with  a tiiln  peripheral  shell  of  bone  (arrow).  The  lesion  has  mixed  signal 
with  zones  of  intermediate,  slightly  high.  high,  and  low  signal  (arrow)  on  axial  12-weighted  imaging  (c). 
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Table  10.3  (Cont)  Intramedullary  lesions  associated  with  expansion  of  intact  cortical  margins 


Abnormalities 


MRI  findings 


Osteofibrous  dysplasia  Multiple  irregular  intracortical  aones  of  low- 

(►  Fig.  10.85)  intermediate  signal  on  T1  W images,  interme- 

diate to  slightly  high  signal  on  PDWI,  and  high 
signal  on  T2WI  and  FS  T2WI  separated  by 
irregular  aones  of  low  signal  on  T1  Wl  and  T2WI, 
the  latter  representing  thickened  sclerotic  cor- 
tical bone.  Zones  of  low  signal  on  T1  Wl  and 
T2WI  of  varying  thickness  are  typically  seen 
superficial  and  deep  to  the  lesions  representing 
sclerotic  bone  reaction.  The  outer  cortical 
margins  can  be  expanded  and  thinned.  The 
intracortical  lesions  usually  show  prominent  Gd- 
contrast  enhancement.  Thin  juxtacortical/peri- 
osteal  enhancement  may  be  seen  in  lesions  with 
thinned  and  expanded  cortical  margins.  Promi- 
nent diffuse  high  signal  on  T2WI  and  marrow 
enhancement  are  seen  for  lesions  with  acute/ 
subacute  pathological  fractures. 

Gaucher  disease  Diffuse  and/or  patchy  heterogeneous  zones 

(►  Fig.  10.86)  with  low-intermediate  signal  on  T1  Wl,  and 

heterogeneous  intermediate  to  high  signal  on 


T2WI  and  FS  T2WI. 


Hemophilic  pseudotumor  Can  appear  as  expansile  radiolucent  lesions  on 

radiographs  and  CT.  Lesions  usually  have  mixed 
low,  intermediate,  and  high  signal  on  T1  Wl  and 
T2WI,  as  well  as  fluid-fluid  levels. 

Brown  tumor  Lesions  are  usually  radiolucent  on  radiographs 

and  CT.  Lesions  often  have  low-intermediate 
signal  on  T1  Wl,  intermediate  to  slightly  high 
signal  on  T2WI,  and  typically  show  Gd-contrast 
enhancement.  Zones  of  low  signal  on  T2WI  may 
occur  from  hemosiderin.  Expansion  of  aortical 
margins  can  occur  with  or  without  cortical 
disruption/destruction. 


Comments 

Rare  self -limited  benign  fibro-osseous  lesion 
primarily  involving  the  anterior  midshaft  of  the 
tibial  cortex  in  children.  Osteofibrous  dysplasia 
represents  rare  bone  lesions  that  typically 
involve  the  cortex  of  the  tibia  and/or  fibula  in 
children  and  adolescents. 


Rare,  heritable  metabolic  disorder  with  deficient 
activity  of  the  lysosomal  enzyme-hydrolase 
beta-glucosidase.  Results  in  accumulation  of  the 
lipid-glucosyllaeramide  within  lysosomes  of  the 
monocyte-macrophage  system  (Gaucher  cells) 
of  the  bone  marrow,  liver,  and  spleen.  Marrow 
infiltration  by  Gaucher  cells  often  results  in 
zones  of  ischemia  and  bone  infarction. 

Lesions  can  occur  within  bone  (femur,  pelvis, 
tibia,  hand)  or  soft  tissue  in  1 to  2%  of  patients 
with  factor  VIII  or  IX  deficiency.  Enlarging  lesions 
may  require  surgical  resection. 

Lesions  in  bone  contain  multinudeated  giant 
cells,  fibrous  tissue,  blood  vessels,  and  aones  of 
hemorrhage/hemosiderin.  Histological  and 
imaging  features  are  similar  to  giant  cell 
reparative  granulomas.  Most  often  involves  ribs, 
mandible,  clavicle,  pelvis,  craniofacial  bones, 
and  vertebrae.  Can  result  from  primaiy  hyper- 
parathyroidism (3  to  7%)  (oversecretion  of 
parathyroid  hormone  [PTH]  from  parathyroid 
adenoma  associated  with  hypercalcemia),  sec- 
ondary type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertiary  type  in  which  the 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  parathyroid  gland 
hyperplasia. 

(continued  on  page  388) 
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Flg.10.85  An  18-yearold  woman  with  osteoflbrous  dysplasia  Involving  die  anterior  tiblal  cortex.  Intiacortical  Intermediate  to  slightly  high  signal 
(arrows)  is  seen  in  the  lesion  on  axial  proton  density-weighted  imaging  (a)  with  corresponding  prominent  gadolinium-eon  hast  enhancement  on  axial 
fat-suppressed  Tl-weighted  imaging  (b).  The  outer  cortical  margin  is  expanded  and  martedly  thinned. 
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F1g.10.86  A 34-ycar-old  woman  with 
Gaucher  disease.  Hetemgeneous  signal  Is 
seen  in  the  marrow  of  the  proximal  femur 
on  coronal  proton  density-weighted 
imaging  (a)  and  short  T1  Inversion  recov- 
ery (b),  as  well  as  trabecular  disruption, 
and  thinning  and  expansion  of  cortical 
bone  laterally. 


387 


Lesions  Involving  Bones 


Table  10.3  (Cont)  Intramedullary  lesions  associated  with  expansion  of  intact  cortical  margins 

Abnormalities 

MRI  findings 

Comments 

Malignant  lesions 

Adamantinoma 
(►  Fig.  10.87) 

Can  appear  as  a solitary  lobulated  focus  versus 
multinodular  pattern  of  signal  alteration  in 
thickened  bone  cortex.  More  than  half  involve 
bone  cortex  and  marrow  compared  with  only 
cortical  involvement.  Bone  cortex  can  be 
expanded  and  thinned.  Tumor  foci  in  bone 
typically  have  low-intennediate  signal  on  T1WI 
and  PDWI,  and  slightly  high  to  high  signal  on 
T2WI  and  FS  T2WI.  Lesions  usually  show 
prominent  Cd-contrast  enhancement.  Ada- 
mantinomas with  a multinodular  pattern  have 
enhancing  nodules  that  have  high  signal  on 
T2WI  and  FS  T2WI  separated  by  aones  of  low 
signal  from  intervening  cortical  bone. 

Rare  low-grade  malignant  bone  tumors  con- 
sisting of  epithelial  cells  surrounded  by  spindle 
cells  and  osteofibrous  tissue  that  often  involve 
the  shaft  of  the  tibia.  Account  for<  1%  of 
primary  bone  tumors.  Patients  range  in  age 
from  3 to  86  years,  median  = 1 9 to  25  years, 
average  -35  years,  most  common  in  third  and 
fourth  decades. 

Other  malignant  lesions 
(►  Fig.  10.88) 

Tumors  may  have  poorly  defined  or  sharp 
margins  and  often  have  low-intermediate  signal 
on  T1WI  with  heterogeneous  intermediate-high 
signal  onT2WI  and  FS  T2WI.  Lesions  often  show 
prominent  heterogeneous  Cd-contrast 
enhancement. 

Primary  and  metastatic  tumors  may  initially 
show  expansion  of  thinned  intact  eortical 
margins  followed  by  eventual  exb  aosseous 
extension  of  tumor  through  zones  of  cortical 
destruction.  Hemangioendotheliomas  and 
metastases  from  tumors  such  as  renal  cell 

carcinoma,  breast,  and  lung  carcinomas  can 
show  this  pattern. 
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Flg.10.87  A 23-year-old  woman  wfth  an 
adamantinoma  of  the  tibial  diaphysis.  The 
lesion  has  Intermediate  signal  on  sagittal 
proton  density-weighted  Imaging  (a)  and 
high  signal  on  sagittal  fat-suppressed  T2- 
welghted  Imaging  (b).  Ihere  Is  thinning 
and  expansion  of  cortical  bone  as  well  as 
tumor  extension  toward  the  marrow. 


F1g.10.88  Metastatic  lesion  in  the  proxi- 
mal femur.  Anteroposterior  radiograph 
shows  a radiolueeot  lesion  with  partial 
sdeiotic  margins  and  cortical  thinning 
(arrow)  (a).  Coronal  fat-suppressed  T2- 
welghted  Imaging  (b)  shows  the  lesion  to 
have  heterogeneous  high  signal  that 
extends  beyond  the  sclerotic  margins  and 
Is  associated  with  thinning  and  slight 
expansion  of  bone  cortex  medially. 
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10.4  Intramedullary  Lesions 
Associated  with  Cortical 
Destruction  and  Extraosseous 
Extension 

• Nonmalignant  lesions 
o Osteomyelitis 

o Chronic  recurrent  multifocal  osteomyelitis 
o Eosinophilic  granuloma 
° Sarcoidosis 

o Nonmalignant  giant  cell  tumor 

o Sickle  cell  disease  with  adjacent  extramedullary  hematopoi- 
esis 

o Brown  tumor 
o Atypical  hemangioma 


• Malignant  lesions 
o Metastatic  tumor 
o Myeloma/plasmacyloma 
o Leukemia 
o Lymphoma 
o Osteosarcoma 
o Chondrosarcoma 
o Ewing  sarcoma 
o Chordoma 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Malignant  giant  cell  tumor 
o Hemangioendothelioma 
o Hemangiopericytoma 
o Liposarcoma 
o Paget  sarcoma 


Table  10.4  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 

Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Osteomyelitis 
(►  Fig.  10.89) 

Poorly  defined  aones  with  high  signal  on  72- 
weighted  imaging  (T2WI)  and  fat-suppressed 
(FS)  T2WI  and  gadolinium  (Gd)-contrast 
enhancement  are  seen  in  marrow  with  associ- 
ated zones  of  cortical  destruction.  Periosteal 
reaction  can  be  seen  as  a peripheral  rim  of  high 
signal  on  T2WI  and  FS  T2WI  and  Gd-contrast 
enhancement  on  FS  T1  -weighted  imaging 
adjacent  to  the  low  signal  of  cortical  bone.  A 
subperiosteal  absaess  with  high  signal  on  T2WI 
and  FS  T2WI  can  often  be  seen  elevating  a 
single  low  signal  thin  band  of  periosteum. 

Infection  of  bone,  which  can  result  from 
hematogenous  spread  of  microorganisms, 
trauma-direct  inoculation,  extension  from  adja- 
cent tissues,  and  complications  from  surgery. 
Staphylococcus  aureus  and  Streptococcus  pyo- 
genes are  the  most  common  bacterial  infections 
involving  bone.  Osteomyelitis  can  also  result 
from  other  bacteria  as  well  as  from  tuberculosis, 
fungi,  parasites,  and  viruses. 

Chronic  recurrent  mutifocal  osteomyelitis 
(►  Fig.  10.90) 

Multifocal  lesions  that  occur  in  metaphyses  of 
tubular  bones  (distal  femur,  proximal  and  distal 
tibia  and  fibula),  clavicles,  and  vertebrae. 
Radiographs  show  radiolucent  and/or  sclerotic 
osseous  lesions  with  proliferative  periosteal 
bone  formation.  Magnetic  resonance  imaging 
(MRI)  shows  heterogeneous  abnormal  high 
signal  on  FS  T2WI  in  marrow  and  periosteal  soft 
tissues  with  Gd-contrast  enhancement. 

Painful  inflammatory  osseous  disorder  of 
unknown  cause  with  histopathology  of  acute 
and  chronic  osteomyelitis  without  identification 
of  infectious  agent,  diagnosis  of  exclusion. 

Usually  occurs  in  children  and  adolescents, 
median  age=  10  years,  F 85%/M  15%.  Multi- 
episodic  skeletal  disorder  of  unknown  cause  that 
can  occur  over  7 to  25  years.  Treatment  of 
symptoms  with  nonsteroidal  anti-inflammatory 
drugs.  Can  be  associated  with  acne  or  pustulosis 
palmoplantaris  (SAPHO). 

(coitinued  on  page  392) 
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Fig.  10.89  A 14-yw-old  male  with  osteomyelitis  involving  the  first  metatarsal  bone.  Poorly  defined  2ones  of  low-intermediate  signal  on  coronal  T1- 
weighted  imaging  (T1WI)  (a),  high  signal  on  aoronal  fat-suppressed  (FS)  12-weighted  imaging  (FS  T2WI)  (b)  and  gadolinium-contrastenhancementon 
FS  T1WI  (c)  are  seen  within  the  marrow  and  extraosseous  soft  tissues.  Zones  of  cortical  bone  disruption  are  also  seen. 


Fig.  10.90  Chronic  recurrent  multifocal  osteomyelitis  involving  the  davlde.  Heteiogeneous  low  and  Intermediate  signal  on  T1- weighted  Imaging 
(T1WI)  (a)  and  hefcerogenenous  contrast  enhancement  on  fat-suppressed  T1WI  (b)  are  seen  involving  thickened  bone  eortex  and  within  bone  manow 
(arrows). 
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Table  10.4  (Cont)  intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 

MRI  findings 

Comments 

Eosinophilic  granuloma 

Focal  intramedullary  lesion(s)  associated  with 

Benign  tumor-like  lesions  consisting  of  Langer- 

( Fig.  10.91) 

trabecular  and  cortical  bone  destruction,  which 
typically  have  low-intermediate  signal  on  T1  Wl 
and  proton  density-weighted  imaging  (PDWI); 
and  heterogeneous  slightly  high  to  high  signal 
on  T2WI.  Poorly  defined  zones  of  high  signal  on 
T2WI  are  usually  seen  in  the  marrow  peripheral 
to  the  lesions  secondary  to  inflammatory 
changes.  Extension  of  lesions  from  the  marrow 
into  adjacent  soft  tissues  through  areas  of 
cortical  disruption  are  commonly  seen  as  well  as 
linear  periosteal  zones  of  high  signal  on  T2WI. 
Lesions  typically  show  prominent  Gd-tontrast 
enhancement  in  marrow  and  in  extraosseous 
soft  tissue  portions  of  the  lesions. 

hans  tells  (histiocytes),  and  variable  amounts  of 
lymphocytes,  polymorphonuclear  cells,  and 
eosinophils.  Acaount  for  1 % of  primary  bone 
lesions,  and  8%  of  tumor-like  lesions.  Occurs  in 
patients  with  median  age  - 1 0 years,  aver- 
age-13.5 years,  peak  incidence  is  between  5 
and  1 0 years,  80  to  85%  occur  in  patients  less 
than  30  years. 

Saraoidosis 

Lesions  usually  appear  as  intramedullary  zones 

Chronic  systemic  granulomatous  disease  of 

( Fig.  10.92) 

with  low  to  intermediate  signal  on  T1WI  and 
slightly  high  to  high  signal  onT2WI  and  FS  PDWI 
and  FS  T2WI.  Erosions  and  zones  of  destruction 
involving  adjacent  bone  cortex  can  occur  with 
or  without  extraosseous  extension  of  the 
granulomatous  process.  After  Gd-contrast 
administration,  lesions  typically  show  moderate 
to  prominent  enhancement. 

unknown  etiology  in  which  noncaseating 
granulomas  occur  in  various  tissues  and  organs 
including  bone. 

(continued  on  page  394) 
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Fig,  10.91  A 5-year-old  boy  with  an  eosi- 
nophilic granuloma  involving  the  distal 
humerus.  Radiograph  shows  a radiolucent 
Intramedullary  lesion  associated  with  lin- 
ear periosteal  reaction  (arrows)  (a).  The 
lesion  In  die  marrow  has  high  signal  on 
coronal  fat-suppressed  (F5)  12-welghted 
imaging  (b)  and  shows  prominent  Gd- 
contrast  enhancement  on  coronal  (c)  and 
axial  F5  TV  weighted  Imaging  (d).  The 
lesion  is  associated  with  cortical  bone 
desbxicbon,  periosteal  elevation,  and 
extraossseous  extension  Into  the  adjacent 
soft  tissues. 


Flg.10.92  A 31-ycar-old  man  with  sar- 
coidosis Involving  the  dorsal  Inferior  por- 
tion of  tire  calcaneus.  The  lesion  in  tire 
marrow  has  high  signal  (arrow)  on  sagittal 
fat-suppressed  (F5)  T2-welghted  Imaging 
(a)  and  shows  Gd-conb  ast  enhancement 
on  sagittal  FS  Tl-weighted  imaging  (b). 
The  lesion  Is  associated  wftii  erosion  of 
cortical  bone  with  extension  into  tire 
adjacent  soft  tissues. 
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Table  10.4  (Cont)  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 

Nonmalignant  giant  cell  tumor 
(►  Fig.  10.93) 


Sickle  cell  disease  with  adjacent  extramedullary 

hematopoiesis 

(►  Fig.  10.94) 


Brown  tumor 


MRI  findings 

Usually  well-defined  lesions  with  thin  low  signal 
margins  on  T1  Wl.  PDWI,  and  T2 Wl.  Solid 
poitions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1  Wl  and  PDWI,  inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  FS  PDWI  and  FS  T2WI.  Signal  heterogeneity 
on  T2WI  is  common.  Aneurysmal  bone  cysts  can 
be  seen  in  14%  of  giant  cell  tumors.  Varying 
degrees  of  Gd-contrast  enhancement  can  be 
seen  in  the  lesions,  as  well  as  peripheral  rimlike 
enhancement  around  cystic  zones/aneurysmal 
bone  cysts.  Poorly  defined  zones  of  enhance- 
ment and  high  signal  on  FS  T2WI  may  also  be 
seen  in  the  marrow  peripheral  to  the  lesions 
secondary  to  reactive  inflammatoiy  changes 
from  elevated  tumor  prostaglandin  levels. 

Lesions  can  have  low,  intermediate,  and/or  high 
signal  on  T1  Wl  and  T2WI  depending  on  the 
proportions  and  distribution  of  fat  and  red 
marrow.  Lesions  may  be  seen  extending  from 
marrow  through  zones  of  cortical  disruption,  or 
as  isolated  abnormalities. 


Lesions  are  usually  radiolucent  on  radiographs 
and  computed  tomography  (CT).  Lesions  often 
have  low-intermediate  signal  on  T1WI,  inter- 
mediate to  slightly  high  signal  on  T2WI,  and 
typically  show  Gd-contrast  enhancement  Zones 
of  low  signal  on  T2WI  may  occur  from  hemo- 
sideiin.  Expansion  of  coitical  margins  can  occur 
with  or  without  cortical  disruption/destruction. 


Comments 

Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononuclear  cells  and  scattered  multi- 
nucleated  osteoclast-like  giant  cells  (derived 
from  fusion  of  marrow  mononuclear  cells).  Up  to 
10%  of  all  giant  cell  tumors  are  malignant 
Benign  giant  cell  tumors  account  for  approxi- 
mately 5 to  9.5%  of  all  bone  tumors  and  up  to 
23%  of  benign  bone  tumors.  Occurs  in  patients 
age  4 to  81  years  (median  = 30  years),  75%  occur 
in  patients  between  the  ages  of  1 5 and  45. 


Represents  proliferation  of  erythroid  precursors 
outside  of  medullary  bone  secondary  to  physi- 
ological compensation  for  abnormal  medullary 
hematopoiesis  from  congenital  disorders  such 
as  hemoglobinopathies  (Sickle  cell,  thalassemia, 
etc.)  as  well  as  acquired  disorders  such  as 
myelofibrosis,  leukemia,  lymphoma,  myeloma, 
or  metastatic  carcinoma. 

Lesions  in  bone  containing  multinucleated  giant 
cells,  fibrous  tissue,  blood  vessels,  and  zones  of 
hemorrhage/hemosiderin.  Histological  and 
imaging  features  are  similar  to  giant  cell 
reparative  granulomas.  Can  result  horn  primary 
hyperparathyroidism  (3  to  7%)  (oversecretion  of 
parathyroid  hoimone  [PTH]  from  parathyroid 
adenoma  associated  with  hypercalcemia),  sec- 
ondary type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertiary  type  in  which  the 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  parathyroid  gland 
hyperplasia. 


(continued  on  page  396) 
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Fig.  10.93  A 19-y®ar-old  woman  with  a giant  cell  tumor  In  the  distal  radius  as  seen  as  a radlolocent  lesion  with  Ill-defined  margins  (a),  and  zones  of 
•ortlcal  destruction  on  radiograph  (b).  The  tumor  extends  through  destroyed  bone  corlexand  has  high  signal  on  eoronal  fat-suppressed  (FS)  12- 
weightsed  imaging  and  shows  gadolinium-contrast  enhancement  on  axial  FS  T1- weighted  imaging  (c). 


b 


Fit).  10.94  A 56-year-old  man  with  sickle 
cell  disease  and  extramedullary  hemato- 
poiesis. lhe  lesions  (arrows)  have  signal 
comparable  to  die  Intraosseous  marrow 
on  coronal  (a)  and  axial  Tl-weighted 
imaging  (c)  and  coronal  (b)  and  axial  T2- 
welghted  Imaging  (d).  Small  sites  of 
cortical  disruption  are  seen  on  the  axial 
images. 
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Table  10*4  (Cont.)  intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  Fttemkn 


Abnormalities 

MRI  findings 

Comment! 

Atypical  hemangioma 
( Fig.  10.95) 

Rare  Intraosseous  hemangiomas  may  be  asso- 
ciated with  cortical  disruption  and  extraosseous 
extension,  lesions  can  have  low-intennediate 
signal  on  T1WI,  and  usually  have  high  signal  on 
12WI  and  F5  T2WI.  lesions  typically  show 
prominent  Gd-eontrast  enhancement. 

Benign  hamartomatous  lesions  of  bone  and  soft 
tissues  composed  of  capillary,  cavernous,  and/or 
malformed  venous  vessels.  Account  for  2 to  4% 
of  benign  bone  tumors  and  approximately  1 % of 
all  bone  tumors. 

Metastatic  tumor 
(►  Fig.  10.96) 

Single  or  multiple  well-circumsaibed  or  poorly 
defined  Infiltrative  lesions  Involving  marrow 
associated  with  cortical  destruction  and  extra- 
osseous extension.  Lesions  often  have  low- 
Intermediate  signal  on  T1WI,  low,  Intermediate* 
and/or  high  signal  onT2WI  and  FS  T1WI,  usually 
show  Gd-contrast  enhancement  Cortical 
destruction  and  tumor  extension  Into  tire 
extraosseous  soft  tissues  frequently  occurs. 
Pathological  fractures  can  be  associated  with 
metastatic  lesions  Involving  tubular  bones  and 
vertebrae.  Periosteal  reaction  Is  uncommon. 

Metastatic  lesions  typically  occur  In  the  marrow 
with  or  wfthout  coitical  ctetiuction  and  extra- 
osseous tumor  extension. 

Myeloma/ plasmacytoma 
( Fig.  10.97) 

Multiple  myeloma  or  single  plasma  cell  neo- 
plasms (plasmacytoma)  are  well-circumsaibed 
or  poorly  defined  diffuse  Infiltrative  lesions 
Involving  marrow,  low-intermediate  signal  on 
T1WI,  Intermediate-high  signal  on  T2WI  and  F5 
T2WI,  usually  show  Gd-contrast-enhancement. 
eventual  cortical  bone  destruction,  and  extra- 
osseous extension. 

Malignant  tumors  composed  of  proliferating 
antibody-secieting  plasma  cells  derived  from 
single  clones.  Most  common  primary  neoplasm 
of  bone  in  adults,  median  age -GO  years.  Most 
patients  are  older  than  40  years.  May  have 
variable  destructive  or  initiative  changes 
involving  the  axial  and/or  appendicular  skeleton. 

Leukemia 
(►  Fig.  10.98) 

Single  or  multiple  well-circumsaibed  or  poorly 
defined  Infiltrative  lesions  Involving  marrow; 
low-intermediate  signal  onTIWI,  Intermediate- 
high  signal  on  T2WI  and  FS  T2WI,  often  shows 
Gd-contrast  enhancement.  ± bone  destruction 
and  extraosseous  extension. 

Lymphoid  neoplasms  with  Involvement  of  bone 
marrow  with  tumor  cells  also  In  peripheral 
blood.  In  children  and  adolescents,  acute 
lymphoblastic  leukemia  (ALL)  is  the  most  fre- 
quent type.  In  adults,  chronic  lymphocytic 
leulemia  (small  lymphocytic  lymphoma)  Is  the 
most  common  type  of  lymphocytic  leukemia. 
Myelogenous  leukemias  are  neoplasms  derived 
from  abnormal  myeloid  progenitor  cells.  Acute 
myelogenous  leukemia  (AML)  occurs  in  adoles- 
cents and  young  adults,  and  rep ooik 
approximately  20%)  of  childhood  leukemia. 
Chronic  myelogenous  leukemia  (CML)  usually 
affects  adults  older  than  25  years. 

(continued  on  poge  391) 


Fig.  10.95  A 43-year-old  woman  witii  an  atypical  hemangioma  involving  the  posterior  right  marrow  of  the  C6  vertebral  body  associated  with  cortical 
bone  disruption  and  extension  into  the  right  anterior  epidural  soft  tissues.  The  lesion  has  high  signal  (arrow)  on  a sagittal  short  Tl  inversion  recovery 
Image  (a)  and  shows  gadolinium-contrast  enhancement  on  sagittal  (b)  and  axial  fat-suppressed  Tl-welghted  Imaging  (arrow)  (c). 
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Flg.10.96  A 63-year-old  woman  with 
metastatic  lung  carcinoma  to  tile  diaphy- 
seal portion  of  tiie  humerus  associated 
wfth  cortical  destruction  and  extraoseous 
extension  as  seen  on  coronal  (a)  and  axial 
fat-suppressed  T2-welghted  Imaging  (b). 


Fig. 10.97  A 77-year-old  woman  with 
myeloma  in  the  proximal  tibia.  The  Intra- 
medullary tumor  has  Intermediate  signal 
on  sagittal  Tl-welghted  Imaging  (a)  and 
high  signal  on  fat-suppressed  12- 
weighted  imaging  (b).  Tumor  is  seen 
extending  through  destroyed  bone  aorfcex 
ink)  tiie  adjacent  soft  tissues. 


Fig.  10.98  Patient  with  acute  lympho- 
blastic leukemia  wftiiln  the  femoral  and 
tibial  marrow  associated  with  cortical 
destitution  and  extraosseous  extension  as 
seen  on  sagittal  (a)  and  axial  fat-sup- 
pressed T2 -weighted  imaging  (b). 
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Table  10.4  (Cont.)  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 


MRI  findings 


Comments 


Lymphoma 
(►  Fig.  10.99) 


Osteosarcoma 
(►  Fig.  10.100) 


Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin 
disease  (HD)  within  bone  typically  appear  as 
single  or  multifocal  poorly  defined  or  circum- 
sciibed  intramedullaiy  zones  with  low-intenne- 
diate  signal  onTIWI,  and  intermediate,  slightly 
high,  and/or  high  signal  onT2WI  and  high  signal 
on  FS  T2WI;  often  show  Gd-contrast  enhance- 
ment. Zones  of  cortical  destiuction  may  occur 
associated  with  extraosseous  soft  tissue  exten- 
sion. HD  involving  bone  with  associated  sclero- 
sis seen  on  plain  films  or  CT  usually  have  low 
signal  on  T1  Wl  and  variable/mixed  signal  on 
T2WI.  In  some  cases  of  NHL,  intramedullary 
tumor  may  be  associated  with  bulky  extraoss- 
eous lesions  without  extensive  cortical  destruc- 
tion. High-resolution  MRI  in  these  cases  shows 
thin  penetrating  channels  of  tumor  extending 
through  bone  cortex  into  the  extraosseous  soft 
tissues. 

Destructive  intramedullary  malignant  lesions, 
low-intermediate  signal  on  T1WI,  mixed  low, 
intermediate,  high  signal  on  T2WI,  usually  with 
matrix  mineralization/ossification-low  signal  on 
T2  W images,  usually  show  Gd-contrast 
enhancement  (usually  heterogeneous).  Zones  of 
cortical  destruction  are  common  through  which 
tumors  extend  into  the  extraosseous  soft  tissues 
under  an  elevated  periosteum.  Lamellated  and/ 
or  spiculated  zones  of  bone  formation  can  occur 
under  the  peiiosteal  elevation  secondary  to 
tumor  invasion  and  perforation  of  bone  cortex. 
Low  signal  from  spicules  of  periosteal,  reactive, 
and  tumoral  bone  formation  may  have  a 
divergent  (sunburst)  pattern,  perpendicular 
(hair  on  end)  pattern,  or  disorganized  or 
complex  appearance.  Triangular  zones  of  peri- 
osteal elevation  (Codman  triangles)  can  be  seen 
at  the  borders  of  zones  of  cortical  destruction 
and  tumor  extension. 


Lymphoid  tumors  with  neoplastic  cells  typically 
within  lymphoid  tissue  (lymph  nodes  and 
reticuloendothel  ial  organs).  Unlike  leukemia, 
lymphoma  usually  arises  as  discrete  masses. 
Lymphomas  are  subdivided  into  HD  and  NHL. 
Almost  all  primary  lymphomas  of  bone  are  B cell 
NHL.  HD,  mean  age=  32  years.  Osseous  NHL, 
median  = 35  years. 


Malignant  tumor  composed  of  proliferating 
neoplastic  spindle  cells  that  produce  osteoid 
and/or  immature  tumoral  bone  and  which  most 
frequently  arise  within  medullary  bone  (meta- 
diaphyseal  > metaphyseal  > diaphyseal  loca- 
tions). Two  age  peaks  of  incidence.  The  laiger 
peak  occurs  between  the  ages  of  10  and  20  and 
accounts  for  over  half  of  the  cases.  The  second 
smaller  peak  occurs  in  adults  over  60  years  and 
accounts  for  approximately  10%  of  the  cases. 
Occurs  in  children  as  primary  tumors  and  adults 
(associated  with  Paget  disease,  irradiated  bone, 
chronic  osteomyelitis,  osteoblastoma,  giant  cell 
tumor,  fibrous  dysplasia). 


(continued  on  page  400) 
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Fig.  10.99  Large  B-eell  non-Hodgkin  lymphoma  In  the  distal  femoral 
marrow  aoobated  with  cortical  destruction  and  extra  osseous  exten- 
sion with  periosteal  elevation  (arrows)  as  seen  on  coronal  fat- 
suppressed  T2-welghted  Imaging. 


Fig.10.100  Osteosarcoma  In  the  distal 
femoral  marrow  associated  with  cortical 
destruction,  extraosseous  extension,  and 
periosteal  elevation  (arrows)  as  seen  on 
sagittal  Tl-welghted  Imaging  (a)  and  fat- 
suppressed  T2-weighted  imaging  (b). 
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Table  10.4  (Cont)  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 

Chondrosarcoma 
( Fig.  10.101) 


MR!  findings 

Intramedullary  tumors  often  have  low-interme- 
diate signal  on  T1  Wl,  intermediate  signal  on 
PDWI,  and  heterogeneous  intermediate-high 
signal  on  T2WI.  Lesions  usually  show  heteroge- 
neous contrast  enhancement.  Zones  of  cortical 
destruction  can  be  seen  with  extraosseous 
extension  of  tumor. 


Comments 

Chondrosarcomas  are  malignant  tumors  con- 
taining cartilage  formed  within  sarcomatous 
stroma.  Account  for  12  to  21%  of  malignant 
bone  lesions,  21  to  26%  of  piimary  sarcomas  of 
bone,  usually  occurs  between  5 and  91  years  of 
age.  mean  -40  years,  median  - 26  to  59  years. 

(continued  on  page  402) 
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Ftg.  10.101  Radiograph  of  a 44-year-old  woman  with  a chondrosarcoma  involving  the  medial  distal  tibia  shows  a zone  of  medullary  and  cortical  bone 
destruction  (arrow)  (a),  intramedullary  tumor  extends  through  destroyed  bone  cortex  into  die  exbaosseous  soft  tissue  and  has  heterogeneous  slightly 
high  to  high  signal  on  coronal  T2-we1ghted  imaging  (b)  and  a peripheral  lobular  patl ecn  of  gadollnlum-eontrast  enhancement  on  coronal  fat- 
suppressed  T1  -weighted  imaging  (c). 
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Table  10.4  (Cont)  Intramedullaiy  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 

Ewing  sarcoma 
(►  Rg.  10.102) 


Chordoma 
(►  Fig.  10.103) 


Fibrosarcoma 
(►  Fig.  10.104) 


MRI  findings  Comments 


Destructive  malignant  lesions  involving  marrow, 
low-intermediate  signal  on  T1WI,  mixed  low, 
intermediate,  and/or  high  signal  on  T2WI  and  FS 
T2WI,  usually  shows  Cd-contrast  enhancement 
(usually  heterogeneous).  Extraosseous  tumor 
extension  through  sites  of  cortical  destruction  is 
commonly  seen  beneath  an  elevated  perios- 
teum. Thin  striated  zones  of  low  signal  onT2WI 
can  sometimes  be  seen  oriented  perpendicular 
to  the  long  axis  of  the  involved  bone  under  the 
elevated  periosteum  representing  the  hair  on 
end  appearance  of  reactive  bone  formation 
secondary  to  the  tumor.  In  long  bones,  tumors 
are  most  often  located  in  the  diaphyseal  region, 
followed  by  the  metadiaphyseal  region. 

Tumors  are  often  midline  in  location,  often  have 
lobulated  or  slightly  lobulated  margins.  Lesions 
can  involve  marrow  with  associated  destruction 
of  trabecular  and  cortical  bone  with  extrosseous 
extension.  Chondroid  chordomas  are  either 
midline  or  off-midline  in  location.  Chordomas 
typically  have  low-intermediate  signal  on  T1  Wl 
and  heterogeneous  predominantly  high  signal 
onT2WI.  Chordomas  typically  enhance  with  Cd- 
contrast  often  in  a heterogeneous  pattern. 
Intramedullaiy  lesions  with  irregular  maigins, 
with  or  without  associated  cortical  destruction 
and/or  extraosseous  soft  tissue  masses.  Lesions 
usually  have  low-intermediate  signal  on  T1WI 
and  PDWI,  and  heterogeneous  intermediate, 
slightly  high,  and/or  high  signal  on  T2WI. 
Lesions  usually  show  heterogeneous  Gd-con- 
trast  enhancement. 


Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  cells  with  round  nuclei. 
Accounts  for  6 to  1 1%  of  piimaiy  malignant 
bone  tumors,  5 to  7%  of  primary  bone  tumors. 
Usually  occurs  between  the  ages  of  5 and  30, 
males  > females,  locally  invasive,  high  metastatic 
potential. 


Rare  locally  aggressive  slow-growing  low-  to 
intermediate-grade  malignant  tumors  derived 
from  ectopic  notochordal  remnants  along  the 
axial  skeleton.  Chordomas  account  for  2 to  4%  of 
primary  malignant  bone  tumors,  1 to  3%  of  all 
primary  bone  tumors,  and  less  than  1%  of 
intracranial  tumors.  Patients  range  in  age  from  6 
to  84  years,  median  = 58  years. 


Fibrosarcomas  are  uncommon  malignant  tumors 
consisting  of  bundles  of  neoplastic  fibroblasts/ 
spindle  cells  with  varying  proportions  of  collagen, 
lacking  other  tissue  differentiating  features  such 
as  tumor  bone,  osteoid,  or  cartilage.  Can  be 
primary  lesions  (75%)  or  arise  as  secondaiy 
tumors  (25%)  associated  with  prior  irradiation, 
Paget  disease,  bone  infarct,  chronic  osteomyelitis, 
fibrous  dysplasia,  giant  cell  tumor.  Accounts  for  3 
to  5%  of  primaiy  malignant  bone  tumors  and  2 to 
4%  of  all  bone  tumors,  median  age=  43  years. 

(continued  on  page  404) 
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Fig.  10.102  Radiograph  of  a 10-year-old  girl  with  Ewing  sarcoma  Involving  the  proximal  fibula  shows  permeative  medullary  and  cortical  bone 
destruction  as  well  as  interrupted  periosteal  reaction  (a).  Coronal  (b)  and  axial  fat-suppressed  T2-weighted  imaging  (c)  shows  the  intramedullary 
tumor  with  high  signal  extending  through  destroyed  bone  cortex  into  the  ext  na  osseous  soft  tissues. 


Fig.  10.103  A 30-year-old  woman  with  a 
chordoma  Involving  the  marrow  of  the 
lower  sacrum  associated  with  cortical 
bone  destruction  and  tumor  extension 
into  the  adjacent  soft  tissues.  The  tumor 
has  mostly  Intermediate  signal  on  sagittal 
T1-weighted  imaging  (a)  and  heteroge- 
neous mostly  high  signal  on  sagittal  fat- 
suppressed  12-welghted  Imaging  (b). 


Rg.  10.104  A 25-year-old  man  wldi  fibrosarcoma  extending  from  the  posterior  elements  of  the  13  vertebra  Into  the  adjacent  soft  tissues  through 
destroyed  bone  cortex.  Ihe  tumor  has  intermediate  signal  on  sagittal  Tl-weighted  imaging  (T1WI)  (a),  heterogeneous  mostly  high  signal  on  axial 
T2-welghted  Imaging  (b)»  and  shows  heterogeneous  Gd-oontrast  enhancement  (arrows)  on  axial  fat-suppresed  T1WI  (c). 
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Abnormalities 


MR!  1 


Comment! 


Malignant  fibrous  histiocytoma 
(►  Fig,  10,105) 


Malignant  giant  cell  tumor 
(►  Fig.  10.106) 


Hemangioendothelioma 
(►  Fig.  10.107) 


Intramedullary  lesions  with  Irregular  margins 
and  zones  of  cortical  destruction  and  exbaoss- 
eous  extension.  Tumors  often  have  low  inter- 
medlate  signal  onTI  Wl;  low-intermediate  signal 
on  POWI,  and  heterogeneous  Intermediate-high 
signal  on  17 Wl  and  F5 17 Wl.  Invasion  into  joinls 
occurs  In  30%.  May  be  associated  with  bone 
Infarcts,  bone  cysts,  chronic  osteomyelitis, 
Paget  disease,  and  other  treated  primary  bone 
tumors.  Lesions  usually  show  heterogeneous 
Gd-contrast  prominent  enhancement. 
Welkdefined  lesions  with  or  without  thin  low 
signal  maiglns  on  T1WI  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1WI  and  PDWI,  inter- 
mediate to  high  signal  on  12WI,  and  high  signal 
on  F5  PDWI  and  F5 17 Wl.  Signal  heterogeneity 
on  12WI  is  not  uncommon.  Aneurysmal  bone 
cysts  are  seen  wftii  14%  of  giant  cell  tumors. 
Lesions  show  mild  to  prominent  variable  and 
often  heterogeneous  Gd-contrast  enhance- 
ment. Poorly  defined  zones  of  enhancement 
and  high  signal  on  FS 12  Wl  may  occasionally  be 
seen  in  the  adjacent  marrow  secondary  to 
Inflammatory  reaction  from  elevated  tumor 
prostaglandin  levels.  Cortical  desbuction  and 
extreoseeous  tumor  extension  are  fiequentiy 
seen. 

Intramedullary  tumors  usually  with  sharp  mar- 
gins that  may  be  slightly  lobulated.  lesions 
often  have  low-intermediate  and/or  high  signal 
on  T1WI  and  PDWI,  and  heterogeneous  Inter- 
mediate-high signal  on  T2WI  and  F5  12WI  with 
or  without  zones  of  low  signal.  Lesions  can  be 
multifocal.  Extraosseous  extension  of  tumor 
through  zones  of  cortical  destruction  commonly 
occur.  Lesions  often  show  prominent  heteroge- 
neous Gd-contrast  enhancement 


Malignant  tumor  Involving  soft  tissue  and  rarely 
bone  derived  from  undiFferentiated  mesenchy- 
mal cells.  Contains  cells  with  limited  cellular 
differentiation  such  as  mixtures  of  fibroblasts, 
myofibroblasts,  histiocyte-like  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for 
1 to  5%  of  prlmaiy  malignant  bone  tumors 
and<  1 % to  3 % of  all  prlmaiy  bone  tumors, 
patient  ages  range  from  1 1 ho  80  years, 
median  -48  years,  mean  -55  years. 


Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononudear  cells  and  scattered  multi- 
nucleated  osteoclast-llke  giant  cells.  Up  ho  10% 
of  all  giant  cell  tumors  are  malignant  Benign 
giant  cell  tumors  account  for  approximately  5 to 
9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell 
tumors  occur  In  patients  between  the  ages  of  1 5 
and45. 


Low-grade  vasoFormative/endothellal  malignant 
neoplasms,  which  are  locally  aggrssive  and 
rarely  metastasize,  compared  with  tire  high- 
grade  endothelial  tumors  such  as  angiosarcoma. 
Account  for  less  than  1%  of  primary  malignant 
bone  tumors.  Patients  range  from  10  to  82 
years,  medlan-36  to  47  years.  Patients  wftii 
multifocal  lesions  tend  to  be  approximately  10 
years  younger  on  average  than  those  with 
unifocal  tumors. 


(continued  on  poge  406) 


Fig.  10.105  A 27-year  old  man  with  a 
malignant  fibrous  histiocytoma  involving 
tiie  proximal  tibia.  Intramedullaiy  tumor 
extends  through  destroyed  bone  cortex 
into  tiie  extraosseous  soft  tissues  and  has 
heterogeneous  mixed  signal  on  coronal 
T2-welghted  Imaging  (a)  and  heteroge- 
neous Gd-contiast  enhancement  on 
coronal  fat-suppressed  T1- weighted 
Imaging  (b). 
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Fig. 10.106  A 16-year-old  boy  with  a 
malignant  giant  cell  tumor  of  tile  distal 
tibia  associated  with  destruction  of  aoitl- 
cal  bone  with  extraosseous  extension  as 
seen  on  coronal  T1-wekjhted  imaging  (a) 
and  fat-suppressed  T2-weighted  imaging 
(b). 


Fig. 10.107  A 19-year-olld  man  with  hemangioendothelioma  Involving  the  distal  medial  tibia.  The  tumor  causes  medullaiy  and  cortical  bone 
destruction  (arrow)  on  axial  computed  tomography  (a).  The  tumor  has  slightly  high  signal  (arrow)  on  coronal  T2-weighfced  imaging  (b)  and  shows 
prominentGd-contiastenhannenrienton  coronal  fat-suppreoed  T1 -weighted  imaging  (c).  Intramedullary  tumor  extends  through  sites  of  cortical  bone 
destruction  Into  the  ankle  joint.  Another  small  hemangendotiielioma  Is  also  seen  In  the  distal  marrow  of  the  tibia  more  laterally. 
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Ta We  10*4  (Cent.)  intramedullary  lesions  assodated  with  cortical  destruction  and  extraosseous  esfemkn 


Abnormalities  MRI  findings 

Comments 

Hemangiopericytoma  Radlolucent  Intramedullary  lesions  can  have 

C Fig*  10*108)  assodated  cortical  destruction  and  soft  tissue 

extension,  lesions  usually  have  low-intermedi- 
ate signal  on  T1 Wl,  intermediate  signal  on 

PDWI,  and  slightly  high  to  high  signal  on  T2WI. 
On  T1WI  and  T2WI,  thin  tubular  signal  voids 
representing  blood  vessels  may  be  seen  within 
and/or  at  die  periphery  of  tumors,  as  well  as 
being  arranged  in°spole-wheeCpattems.  Typi- 
cally show  Gd-conti  ast  enhancement. 

Rare  malignant  tumors  of  presumed  perlcytic 
origin  that  show  perky tic/myoid  differentiation 
with  variously  shaped  pericytic  cells  (oval,  round, 
spindle-like)  and  adjacent  imegular  branching 
vascular  spaces  lined  by  endothelial  cells*  Can 
occur  in  soft  tissues  and  less  frequently  in  bone. 
Account  for<1%  of  primary  bone  tumors* 
Patients  range  In  age  from  1 to  90  years, 
median -40  years. 

Liposarcoma  Tumors  can  have  intermediate  and/or  slightly 

(►  Fig.  10*109)  high  to  high  signal  on  T1  Wl  and  T2WI  and  show 

Gd-oontrast  enhancement 

Malignant  mesenchymal  tumors  containing 
portions  showing  differentiation  into  adipose 
tissue.  Primary  liposarcoma  In  bone  Is  very  rare. 
Median  age =31  years. 

Paget  sarcoma  irregular  zones  of  medullaiy  and  cortical  bone 

(►  Fig*  10*1 10)  destruction  associated  with  an  extraosseous 

soft-tissue  mass-lesion.  The  involved  marrow 
typically  has  low  to  intermediate  signal  on  T1WI 
and  PDWI,  and  low  to  high  signal  onT2WI* 
Abnormal  Gd-contrast  enhancement  is  seen  in 
the  marrow  as  well  as  In  the  extraosseous  tumor 
extension. 

Paget  disease  Is  die  most  common  bone  disease 

In  older  adults  after  osteoporosis.  Median 
age  = 66  years.  Disordered  bone  resorption  and 
woven  bone  formation  occurs  resulting  in 
osseous  deformity.  Associated  with  less  than  1% 
risk  for  developing  secondary  sarcomatous 
changes. 

Fig*  10*108  A 78-y»3p-dd  man  with  an 
Intraosseous  hemangiopericytoma  Involv- 
ing the  left  iliac  bone  associated  with 
•ordeal  bone  destruction  and  extraoss- 
eous tumor  extension  (arrow)  as  seen  on 
axial  computed  tomography  (a)*  Tumor 
has  intermediate  signal  on  axial  Tl- 
wekjhted  Imaging  (T1WI)  (b),  and  slightly 
high  signal  on  coronal  fat-suppressed  (PS) 
T2-weighted  imagingl  (c)*  Small  flow 
voids  representing  blood  vessels  are 
seen  within  die  tumor.  The  tumor  shows 
Gd-contrast  enhancement  on  axial  FS 
T1WI  (d). 
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Fig.  10.109  An  81-yaar-old  man  with  an  Intraosseous  llposancoma  Involving  a thoradc  vertebra.  Radloluoent  and  sderotlc  changes  (arrow)  are  seen 
within  the  vertebra  as  well  as  cortical  destruction  on  axial  computed  tomography  (a).  Ihe  Intraosseous  tumor  shows  gadollnlum-contiast 
enhancement  on  sagittal  (b)  and  axial  fat-suppressed  Tl-weighted  imaging  (c).  Also  seen  is  cortical  destruction  with  extraosseous  tumor  extension 


WEN' 


Fig. 10. 110  A 71-year-old  woman  with 
Paget  sarcoma  extending  from  the  mar- 
row through  destroyed  bone  eortex  into 
the  extiaosseous  soft  tissues  as  seen  on 
sagittal  Tl-weighbed  imaging  (a)  and  axial 
T2-weighted  imaging  (b). 
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10.5  Solitary  Intramedullary 
Lesions  with  Well-Circumscribed 
Margins 

• Nonmalignant  lesions 
° Hemangioma 
° Nonossifying  fibroma 
° Enchondroma 
o Fibrous  dysplasia 
o Liposclerosing  rnyxofibrous  tumor 
° Unicameral  bone  cyst  (UBC) 

° Aneurysmal  bone  cyst  (ABC) 
o Giant  cell  reparative  granuloma 
° Intraosseous  lipoma 


o Brown  tumor 
o Geode 

o Intraosseous  ganglion 
o Bone  infarct 
o Enostosis/bone  island 
o Giant  cell  tumor  of  bone 
o Ameloblastoma 
o Hemophilic  pseudotumor 
° Desmoplastic  fibroma 
• Malignant  lesions 
o Metastatic  tumor 
o Plasmacytoma 
o Lymphoma 

o Low  grade  chondrosarcoma 
o Malignant  giant  cell  tumor 


Table  10.5  Solitary  Intramedullary  lesions  with  well-circumscribed  margins 

Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Hemangioma 
(►  Fig.  10.111) 

Often  well-circumsciibed  lesions,  which  typi- 
cally have  intermediate  to  high  signal  on  T1- 
weighted  imaging  (T1WI),  proton  density- 
weighted  imaging  (PDWI),  12-weighted  imag- 
ing (T2WI),  and  fat-suppiessed  (FS)  T2WL  On 

T1  Wl,  hemangiomas  usually  have  signal  equal 
to  or  greater  than  adjacent  normal  marrow 
secondary  to  fatty  components.  Usually  show 
gadolinium  (Gd)-contiast  enhancement.  Patho- 
logical fractures  associated  with  intraosseous 
hemangiomas  usually  result  in  low-intermediate 
marrow  signal  on  T1  Wl. 

Common  benign  lesions  of  bone  composed  of 
capillary,  cavernous,  and/or  malformed  venous 
vessels.  Hemangiomas  have  been  considered  to 
be  a hamartomatous  disorder.  Account  for  4%  of 
benign  bone  tumors  and  approximately  1 % of  all 
bone  tumors,  likely  underestimated.  Occurs  in 
all  ages,  median  = 33  years. 

Nonossifying  fibroma 
(►  Fig.  10.112) 

Well-circumscribed  eccentric  intramedullary 
lesions  in  the  dimetaphyseal  regions  of  long 
bones  that  have  mixed  low-intermediate  signal 
on  T1WI,  and  mixed  low,  intermediate,  and/or 
high  signal  on  T2WI,  PDWI,  and  FS  T2WI.  Zones 
of  low  signal  on  T1WI,  PDWi,  and  T2WI  can  be 
seen  in  the  central  portions  of  the  lesions.  Zones 
with  varying  thickness  of  low  signal  on  T1WI, 
PDWI,  and  T2WI  are  seen  at  the  margins  of  the 
lesions  representing  bone  sclerosis.  Internal 
septations  are  commonly  seen  as  aones  of  low 
signal  on  T2WI  in  these  lesions.  Lesions  can 
show  Gd-contrast  enhancement  (heteroge- 
neous > homogeneous  patterns). 

Common  benign  fibrohistiocytic  lesions  in  the 
metaphyseal  portions  of  long  bones  that  are 
composed  of  whorls  of  fibroblastic  cells  com- 
bined with  smaller  amounts  of  multinudeated 
giant  tells  and  xanthomatous  tells.  Usually 
asymptomatic;  95%  occur  between  the  ages  of  5 
and  20,  median  = 14  years. 

Enchondroma 
(►  Fig.  10.113) 

Lobulated  intramedullary  lesions  with  well- 
defined  borders,  mean  size  - 5 cm.  Lesions 
usually  have  low-intermediate  signal  on  T1WI 
and  intermediate  signal  on  PDWI.  On  T2WI  and 
fat-suppressed  T2WI,  lesions  usually  have  pre- 
dominantly high  signal  with  foci  and/or  bands  of 
low  signal  representing  areas  of  matrix  miner- 
alization and  fibrous  strands.  Lesions  typically 
show  Gd-contrast  enhancement  in  various 
patterns  (peripheral  curvilinear  lobular,  central 
nodular/septal  and  peripheral  lobular,  or  heter- 
ogeneous diffuse). 

Benign  intraosseous  lesions  composed  of  hya- 
line cartilage  represent  approximately  10%  of 
benign  bone  tumors.  Enchondromas  can  be 
solitary  (88%)  or  multiple  (12%).  Median 
age  - 35  years,  peak  in  third  and  fourth  decades. 

(continued  on  page  410) 
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Fig.  10.111  Hemangioma  (arrows)  wfthln 
the  T12  vertebral  body  has  circumscribed 
margins  and  contains  high  signal  on 
sagittal  Tl-welghted  Imaging  (a)  and  T2- 
weighted  imaging  (b). 


Fig; 10.112  Monossifyfng  fibroma  in  tile  distal  femur  of  a 17-yaar-old.  The  diolucent  lesion  (arrow)  has  a thin  sclerotic  border  on  anteroposterior 
radiograph  (a)  and  has  heterogeneous  mostly  low  signal  on  coronal  T2-welghted  Imaging  (b).  The  lesion  shows  heterogeneous  gadolinium-contrast 
enhancement  on  coronal  fat-suppressed  Tl-welghted  Imaging  (c). 


a 


Fig.  10.113  A 47-yaar-oId  man  with  an  endiondnoma  In  the  proximal  humerus,  which  aontalns  mineralized  chondrold  matiixon  radiograph  (a).  The 
lesion  has  sharp,  slightly  tabulated  margins  and  has  heterogeneous  high  signal  on  coronal  fat-suppressed  (FS)  12-weighted  imaging  (b);  and  shows 
tiiin  peripheral  and  cenbai  gadolinium-contrast  enhancement  on  coronai  FS  T1 -weighted  imaging  (c). 
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Table  10.5  (Cont.)  Solitary  intramedullary  lesions  wtth  wdl-drcumscrlbed  margins 


Abnormalities 

MRI  findings 

Comment! 

Fibrous  dysplasia 

Magnetic  resonance  Imaging  (MRI)  features 

Benign  medullary  fibre-osseous  lesion,  which 

( Fig.  10.114) 

depend  on  tiie  proportions  of  bony  spicules, 
aollagen.  fibroblastic  spindle  adls,  hemorrhagic 
and/or  cystic  changes,  and  associated  patho- 
logical  fracture  If  present  Lesions  are  usually 
well  circumscribed  and  have  low  or  low-inter- 
mediate signal  on  T1W1  and  PDWI.  On  TOM, 
lesions  have  variable  mixtures  of  low.  Interme- 
diate, and/or  high  signal  often  surrounded  by  a 
low  signal  rim  of  variable  thickness.  Internal 
septations  and  cystic  changes  are  seen  In  a 
minority  of  lesions.  Bone  expansion  with  thick- 
ened and/or  thinned  aortex  can  be  seen.  Lesions 
show  Gd-aontrast  enhanaement  that  vailes  In 
degree  and  pattern. 

can  Involve  a single  site  (mono-ostotic)  or 
multiple  locations  (polyostotic).  lhought  to 
occur  from  developmental  failure  In  the  normal 
process  of  remodeling  primitive  bone  to  mature 
lamellar  bone  with  resultant  zone  or  zones  of 
Immature  tiabeculae  within  dysplastlc  fibrous 
tissue.  Accounts  for  approximately  10%  of 
benign  bone  lesions.  Patients  range  in  age 
from<  1 year  to  76  years;  75%  occur  before  the 
age  of  30  years. 

Llposderoslng  myxoflbrous  tumor 

Lesions  have  well-defined  margins  with  variable 

Unaommon  benign  fibro-osseous  lesions  with 

( Fig.  10.115) 

thickness  of  low  signal  borders  on  T1  Wl  and 
12WI.  Lesions  often  have  low  to  intermediate 
signal  on  T1WI  and  Intennedlate  to  high  signal 
on  12WI  and  FS 12WI.  Small  zones  wftii  fat 
signal  may  be  seen  at  the  periphery  of  the 
lesions.  Lesions  usually  lade  Gd-conti  ast 
enhanaement 

mixed  histological  features  of  lipoma,  fibroxan- 
thoma, myxoma,  fibrous  dysplasia,  bone  cyst, 
myxofibroma,  fat  necrosis,  and/or  Ischemic 
ossification.  Most  of  these  lesions  oecur  In  the 
intertrochanteric  region  of  tiie  femur.  May 
represent  a variant  form  of  fibrous  dysplasia. 
Patients  range  from  1 5 to  69  years,  mean -42 
years. 

(continued  on  poge  4)2) 

Fig.  10.114  Fibrous  dysplasia  In  the  tibia 
dlaphysls  of  a 19-year-old  man.  which  has 
intermediate  signal  on  sagittal  T1- 
weighted  Imaging  (T1WI)  (a)  and  shows 
Gd-eontrast  enhancement  on  fat-sup- 
pressed T1WI  (b). 
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Rg,  10,115  Lfposderoslng  myaoflbrous  tumor  In  the  femoral  neck  of  a 61-yaar-old  man.  Radiograph  (a)  and  computed  tomographic  Image  (b)  show  a 
well-defined  radlolucent  lesion  with  thin  sclerotic  maigins.  The  lesion  has  mostly  low  signal  centrally  as  well  as  small  peripheral  zones  with  high  fat 
signal  on  coronal  Tl-welghted  Imaging  (c)  and  has  mostly  high  signal  on  coronal  fat-suppressed  T2-welghled  Imaging  (d). 
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Table  10.5  (Cont.)  Solitary  Intramedullary  lesions  wtth  well-drcumscribed  margins 


Abnormalities 

MRI  findings 

Comments 

Unicameral  bone  cyst  (UBC) 

( Fig.  10.116) 

UBCs  often  have  a peripheral  rim  of  low  signal 
on  T1WI  and  T2WI  adjacent  to  normal  medul- 
lary bone.  UBCs  usually  contain  fluid  with  low  to 
low  intermediate  signal  onTIWI;  high  signal  on 
T2WI.  Fluid-fluid  levels  may  occur.  For  UBCs 
without  pathological  fracture,  thin  peripheral 
Gd-aontrast  enhancement  can  be  seen  at  die 
margins  of  lesions.  UBCs  with  pathological 
fracture  can  have  heterogeneous  or  homoge- 
neous lowinteimedlate  or  slightly  high  signal 
on  T1WI,  and  heterogeneous  or  homogeneous 
high  signal  on  12WI  and  FS  T2W  UBCs 
complicated  by  fracture  can  have  Internal 
septations  and  fluid-fluid  levels,  as  well  as 
irregular  peripheral  Gd-contrast  enhancement 
and  at  internal  septations. 

Intramedullary  nonneoplastic  cavities  filled  wftii 
serous  or  serosanguinous  fluid.  Account  for  9% 
of  primary  tumor-lite  lesions  of  bone;  85%  occur 
In  die  first  2 decades,  median  - 11  years. 

Aneurysmal  bone  cyst  (ABC) 

(►  Fig.  10.117) 

ABCs  often  have  a low  signal  rim  on  T1  Wl  and 
T2WI  adjacent  to  normal  medullary  bone  and 
between  extraosseous  soft  tissues.  Various 
combinations  of  low.  Intermediate,  and/or  high 
signal  on  T1WI,  PDW1,  and  1*2 Wl  are  usually 
seen  within  aneuiysmal  bone  cysk  as  well  as 
fluid-fluid  levels.  Variable  Gd-contrast  enhance- 
ment is  seen  at  the  maigins  of  lesions  as  well  as 
Involving  die  Internal  septae. 

Tumor-like  expansile  bone  lesions  containing 
cavernous  spaces  filled  with  blood.  ABCs  can  be 
pilmaiy  bone  lesions  (two  dilids)  or  secondary 
to  otiier  bone  lesions/tumors  (such  as  giant  cell 
bjmors.  chondroblastomas,  osteoblastomas, 
osteosarcomas,  chondromyxold  fibromas,  non- 
ossffyfng  fibromas,  fibrous  dysplasia,  fibrosar- 
comas. malignant  fibrous  histiocytomas,  and 
metastatic  disease).  Account  for  approximately 
11%  of  prlmaiy  tumor-lllce  lesions  of  bone. 
Patients  usually  range  in  age  from  1 to  25  years, 
median  - 14  years. 

Giant  cell  reparative  granuloma 
(►  Fig.  10.118) 

Lesions  can  have  heteiogeneous  low.  interme- 
diate, and/or  high  signal  on  T1WI,  POWI,  and 
T2WI;  as  well  as  peripheral  rlmlite  and  central 
Gd-contrast  enhancement  on  FS  T1WI. 

Giant  cell  reparative  granulomas  are  also 
referred  to  as  solid  ABCs.  Histological  appear- 
ance resembles  brown  tumors. 

Intraosseous  lipoma 
(►  Rg.  10.119) 

Lesions  can  have  heterogeneous  low.  interme- 
diate, and/or  high  signal  on  T1WI,  POWI,  and 
T2WI.  as  well  as  peripheral  rimliloe  and  central 
Gd-contrast  enhancement  on  FS  T1WI.  Intra- 
osseous lipomas.  Caldflcadons,  when  present,, 
usually  appear  as  zones  of  low  signal  or  signal 
void. 

Uncommon  benign  hamartomas  composed  of 
mature  white  adipose  tissue  without  cellular 
atypia.  Osseous  or  chondnofd  metaplasia  wftii 
myaoid  changes  can  be  associated  witii  lipomas. 
Account  for  approximately  0.1%  of  bone  tumors, 
libely  underreported. 

(continued  on  poge  414) 


Fig.  10.1 16  Unicameral  bone  cyst  in  the  distal  femoral  shaft  of  a 16-year-old  boy  has  intermediate  signal  on  coronal  proton  density- weighted  imaging 
(a),  high  signal  on  coronal  fat-suppressed  (FS)  Unweighted  Imaging  (b),  and  shows  thin  peripheral  Gd-aontrast  enhancement  on  coronal  FS  T1- 
welghted  Imaging  (c). 
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Rg,  10,117  Aneuiysmal  bone  cyst  In  a 9-year-old  girl  is  seen  In  the  distal  tibia.  The  circumscribed  radlolucent  lesion  (a)  (arrow)  has  a thin  margin  with 
low  signal  and  contains  multiple  fluid-fluid  levels  as  seen  on  coronal  (b)  and  axial  fat-suppressed  12- weighted  imaging  (c). 


F1g.10.11B  Ciantcell  granuloma  in  a 15- 
year-old  girl  Is  seen  as  a circumscribed 
radioiucent  lesion  in  the  mandible  on 
sagittal  computed  tomographic  image 
(a).  Ihe  lesion  shows  Cd-contrast 
enhancement  on  sagittal  Unweighted 
imaging  (b). 


Fig. 10. 119  A 62 -year-old  man  wftii  a 
lipoma  in  the  proximal  humerus.  The 
circumscribed  lesion  has  a tiiin  low  signal 
margin  and  has  predominant  signal  cen- 
trally similar  to  fat  on  coronal  proton 
density-weighted  Imaging  (a)  and  fat- 
suppressed  T2-welghted  Imaging  (b).  A 
s mall  zone  of  cystic  degeneration  is  also 
seen  within  the  intraosseous  lipoma. 
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Table  10.5  (Cent.)  Solitary  intramedullary  lesions  wtth  weJI-drcumscrIbed  margins 


Abnormalities 

MRI  findings 

Comments 

Browntumor 

Lesions  are  usually  radlolucent  on  radiographs 
and  computed  tomography  (CT).  lesions  often 
have  lowHntenmediafce  signal  onTIWI,  inter- 
mediate to  slightly  high  signal  on  T2WI,  and 
typically  show  Gd-contrast  enhancement  Zones 
of  low  signal  on  T2W1  may  occur  from  hemo- 
siderin. Expansion  of  cortical  margins  can  occur 
wfth  or  without  cortical  dlsruptlon/desbuctlon. 
Lesions  may  have  circumscribed  and/or  poorly 
defined  margins. 

Lesions  In  bone  contain  multinudcated  giant 
cells,  fibrous  tissue,  blood  v&cets.  and  zones  of 
hemorrhage/hemosiderin.  Histological  and 
Imaging  features  are  similar  to  giant  cell 
repaiative  granulomas.  Most  often  involves  ribs, 
mandible,  davtcle,  pelvis,  craniofacial  bones, 
and  veitebrae.  Can  result  from  prlmaiy  hyper- 
parathyroidism (3  to  1%)  (overseaetion  of 
paiathyroid  hormone  [PTH]  from  parathyroid 
adenoma  associated  wfth  hypercalcemia),  sec- 
ondary type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertlaiy  type  In  which  die 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  paratiiyrold  gland 
hyperplasia. 

Geode 

(►Fig.  10.120) 

Typically  have  sharply  defined  margins  and 
contain  low  signal  on  T1W1,  low-intermediate 
signal  on  PDWl,  and  homogeneous  high  signal 
on  T2WI.  Poorly  defined  zones  of  Gd-conbast 
enhancement  can  be  seen  In  die  marrow 
adjacent  to  die  subchondral  cysts  on  F5  T1WI. 

A geode  or  subchondral  cyst  is  a cystic-like 
lesion  located  near  the  end  of  a long  bone 
where  tiiere  are  changes  of  degenerative 
osteoarthropathy,  lesions  can  result  from  syi*- 
ovfal  fluid  Intnision  and/or  bony  contusion  In  the 
setting  of  degenerative  Joint  disease. 

Intraosseous  ganglion 
(►  Fig.  10.121) 

Can  have  round,  oval,  or  serpiginous  configu- 
rations with  sharply  defined  margins.  These 
lesions  typically  contain  low  signal  on  T1  Wl,  low- 
intermediate  signal  on  PDWl.  and  high  signal  on 
T2WI.  Mild  tiiin  peripheral  Gd-contrast 
enhancement  can  be  seen. 

Benign  cystic  lesion  usually  located  at  or  near 
die  ends  of  long  bones,  and  Is  not  associated 
with  degenerative  osteoarthropathy,  lesions  can 
result  from  intraosseous  extension  h orn  a 
ganglion  In  the  soft  tissues  or  from  Intiaosseous 
mucoid  degeneration,  synovial  rests,  or  synovial 
inbusion. 

Bone  Infarct 
(►  Fig.  10.122) 

A double-line  sign  (curvilinear  adjacent  zones  of 
low  and  high  signal  on  T2WI)  is  commonly  seen 
at  the  edges  of  the  infarcts  representing  die 
borders  of  osseous  resorption  and  healing, 
irregular  Gd-contiast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth. 

Zones  of  Ischemic  death  Involving  bone 
babeculae  and  marrow,  which  may  be  idio- 
patiiic  or  may  result  from  trauma,  corticosteroid 
beabnent,,  chemotherapy,  radiabon  beabnent, 
oedusive  vascular  disease,  collagen  vascular  and 
other  autoimmune  diseases,  metabolic  storage 
diseases  (e.g.f  Gaudier  dbe®e),  sldde  cell 
diseoe,  thalassemia,  hyperbaric  events/Caisson 
diseae,  pregnancy,  alcohol  abuse,  pancreatitis. 
Infections,  and  lymphoprollferative  diseases. 

Enostosis/bone  island 
(►  Rg.  10.123) 

Typically  appear  as  well-tircumscribed  zones  of 
dense  bone  within  marrow  with  low  signal  on 
T1WI,  PDWl,  TZWI,  and  F5 12WI.  Lesions 
typically  show  no  Gd-contrast  enhancement 

Monneoplasbc  inbamedullary  zone  of  mature 
compact  bone  composed  of  lamellar  bone  tiiat 

Is  considered  to  be  a developmental  anomaly 
resulting  from  localized  failure  of  bone  resorp- 
tion during  skeletal  maturation. 

(continued  on  poge  416) 


Fig.  10.120  A 50  year -old  man  with  a 
degenerative  cystic  lesion  (geode)  In  die 
subchondral  bone  of  the  lateral  proximal 
tibia  related  to  articular  damage  and  focal 
defects.  The  drcumsalbed  Intraosseous 
lesion  has  mostly  high  signal  on  coronal 
(a)  and  sagittal  fat-suppressed  T2- 
welghted  imaging  (arrows)  (b). 
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Fig.  10.171  Intraosseous  ganglion  wfthln  the  lateral  metaphyseal  region  of  the  proximal  tibia  seen  on  coronal  proton  denstty-wekjhted  Imaging  (a) 
(arrow)  and  coronal  fat-suppressed  12-weighted  Imaging  (F5 12 Wl)  (b).  The  lesion  has  high  signal  on  FS  T2WI  and  Is  contiguous  wltii  an  extraoseous 
ganglion  via  a small  defect  in  the  ao rtex.  Only  mild  thin  peripheral  Gd-aontrast  enhancement  is  seen  on  coronal  FS  Tl-weighted  imaging  (c). 


Fig.  10.122  A 29-year-old  woman  with  a 
nonacute  bone  Infaict  in  the  femoral  neck 
after  chemotherapy  for  leukemia.  Ihe 
circumscribed  lesion  has  thin  margins  with 
Intermediate  signal  on  coronal  Tl- 
weighted  imaging  (a)  and  high  signal  on 
coronal  fat-suppressed  T2-weighted 
Imaging  (b). 


Fig.  10.123  A 12-yaar-old  female  with  a bone  Island  (arrow)  In  the  proximal  femur,  which  has  high  attenuation  on  an  anteroposterior  radiograph  (a). 
The  circumscribed  lesion  has  low  signal  on  coronal  Tl-weighted  Imaging  (b)  and  fat-suppressed  12-weighted  Imaging  (c). 
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Table  10.5  (Cont)  Solitary  intramedullary  lesions  with  well-circumscribed  margins 

Abnormalities 

MRI  findings 

Comments 

Giant  cell  tumor  of  bone 
(►  Fig.  10.124) 

Often  well-defined  lesions  with  thin  low  signal 
margins  on  T1  Wl,  PDWI.  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1  Wl  and  PDWI,  inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  FS  PDWI  and  FS  T2WI.  Zones  of  low  signal  on 
T2WI  may  be  seen  secondary  to  hemosiderin. 
Aneurysmal  bone  cysts  can  be  seen  in  14%  of 
giant  cell  tumors.  Areas  of  cortical  thinning, 
expansion,  and/or  destruction  can  occur  with 
extraosseous  extension.  Tumors  show  varying 
degrees  of  Gd-contrast  enhancement. 

Aggressive  bone  tumors  composed  of  neoplastic 
mononuclear  cells  and  scattered  multinucleated 
osteoclast- lilce  giant  cells.  Accounts  for  23%  of 
primary  nonmalignant  bone  tumors  and  5 and 
9%  of  all  primary  bone  tumors;  median  age=30 
years. 

Ameloblastoma 
(►  Fig.  10.125) 

Lesions  are  often  radiolucent  with  associated 
bone  expansion  and  cortical  thinning  on  CT. 
Tumors  often  have  circumscribed  margins  and 
can  show  mixed  low,  intermediate,  and/or  high 
signal  on  T1WI,  T2WI,  and  FS  72WI.  Lesions  can 
show  heterogeneous  Gd-contrast  enhance- 
ment 

Ameloblastomas  are  slow-growing  solid  and 
cystic  bone  tumors  that  contain  epithelioid  cells 
(basaloid  and/or  squamous  types)  associated 
with  regions  of  spindle  cells  and  fibrous  stroma. 
These  tumors  occur  in  the  mandible  and  maxilla 
and  typically  lack  metastatic  potential. 

Hemophilic  pseudotumor 

Can  appear  as  expansile  radiolucent  lesions  on 
radiographs  and  CT.  Lesions  usually  have  mixed 
low,  intermediate,  and  high  signal  onTIWI  and 
T2WI,  as  well  as  fluid-fluid  levels. 

Lesions  can  occur  within  bone  (femur,  pelvis, 
tibia,  hand)  or  soft  tissue  in  1 to  2%  of  patients 
with  factor  VIII  or  IX  deficiency.  Enlarging  lesions 
may  require  surgical  resection. 

(continued  on  page  418) 
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Fig.  10.124  A 22-year-old  woman  with  a giant  «dl  tumor  in  tile 
proximal  tibia,  which  has  drcumsalbed  maigins  and  shows 
Gd-«ontiast  enhancement  on  coronal  fat-suppressed  Tl- weighted 
imaging. 


Fig.  10.125  A 70-year -old  woman  with  an  ameloblastoma  in  tile  mandible,  which  is  seen  as  a radiolucent  expansile  lesion  on  axial  computed 
tomography  (a)  and  has  mostly  high  signal  on  axial  T2-weighled  imaging  (b). 
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Table  10.5  (Cent.)  Solitary  intramedullary  lesions  with  weJI-drcumscrIbed  margins 


Abnormalities 

MRI  findings 

Comments 

Desmoplastic  fibroma 
(►  Fig.  10.126) 

lobulated  lesions  with  abrupt  zones  of  transi- 
tion. lesions  usually  have  low-intermediate 
signal  on  T1WI,  intennediate  signal  on  PDWI, 
heterogeneous  Intermediate  to  high  signal  on 
12WI.  Lesions  may  have  internal  or  peripheral 
zones  of  low  signal  on  T1WI  and  12WI  second- 
aiy  to  dense  collagenous  parts  of  the  lesions 
and/or  fod  with  high  signal  on  T2WI  from  cystic 
zones.  Thin  curvilinear  zones  of  low  signal  on 
T2WI  can  be  seen  at  the  margins  of  the  lesions. 
Lesions  show  variable  degrees  and  patterns  of 
Gd-aontrast  enhancement. 

Rare  Intraosseous  desmoid  tumors  that  are 
composed  of  benign  fibrous  tissue  with  elon- 
gated or  spindle-shaped  tells  adjacent  to  colla- 
gen. Account  for<  1%  of  primary  bone  lesions. 
Mean  age-20  years,  median  age-34  years, 
peak  second  decade. 

Malignant  lesions 

Metastatic  tumor 
(►  Fig.  10.127) 

Single  or  multiple  well-ciroumsciibed  or  poorfy 
defined  Infiltrative  lesions  Involving  marrow 
associated  with  aortical  destruction  and  extra- 
neous extension.  Lesions  often  have  low- 
Intemiedlate  signal  on  T1WI,  low.  Intermediate, 
and/or  high  signal  on12WI  and  FS  T1WI,  usually 
show  Gd-aontrast  enhancement.  Cortical 
destruction  and  tumor  edenslon  Into  the 
extraosseous  soft  tissues  can  occur.  Pathological 
fractures  can  be  associated  with  metastatic 
lesions  Involving  tubular  bones  and  vertebrae. 
Periosteal  reaction  Is  untommon. 

Metastatic  lesions  typically  oacur  in  the  marrow 
with  or  wfthout  aortical  destruction  and  extra- 
osseous  tumor  extension. 

Plasmacytoma 
(►  Fig.  10.128) 

Well-circumscribed  or  poorly  defined  initiative 
lesions  Involving  marrow,  lowintemiedlate 
signal  on  T1WI,  intermediate-high  signal  on 

12WI  and  F5  T2WI,  usually  show  Gd-contrast 
enhancement,  eventual  cortical  bone  destruc- 
tion and  extraosseous  extension. 

Malignant  tumors  composed  of  proliferating 
antibody-secreting  plasma  tells  derived  from 
single  clones.  Most  eommon  primary  neoplasm 
of  bone  in  adults.  Median  age -60  years.  Most 
patients  are  older  than  40  years.  May  have 
variable  deshuctive  or  Infiltiatlve  changes 
Involving  the  axial  and/or  appendicular  skeleton. 

(axrtinued  on  page  420) 

Fig.  10.126  A32«yearvold  woman  with  a desmoplastic  fibroma  involving  the  right  lateral  portion  of  the  L5  vertebra.  The  radloluaent  lesion  (arrow)  has 
thinned  slightly  expanded  cortical  maiglns  on  axial  aomputed  tomography  (a)  and  mixed  low,  intermediate,  slightly  high,  and  high  signal  on  axial  T2- 
weighted  Imaging  (arrow)  (b). 
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Fig.  10.127  A 56-year-old  woman  with  a 
metastatic  lesion  from  breast  carcinoma 
Involving  the  proximal  shaft  of  the  femur. 
Ihe  radloiucent  lesion  (amow)  has  thick 
slightly  irregular  sderohe  maigins  on 
radiograph  (a)  and  has  low-lntennedlate 
signal  on  coronal  Tl-welghted 
imaging  (b). 


Fig.10.120  A 56  year-old  man  with  a 
plasmacytoma  Involving  the  proximal 
shaft  of  the  femur.  Ihe  radloiucent  lesion 
has  sharp  margins  on  radiograph  (a).  Ihe 
tumor  has  low-intenriediabe  signal  on 
•oronal  Tl-welghted  Imaging  (T1W1)  (b), 
high  signal  on  fat-suppressed  (F5)  12- 
weighted  imaging  (c).  and  shows 
Gd-aontrast  enhancement  on  coronal 
F5  T1WI  (d). 
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Table  10.5  (Cont.)  Solitary  intramedullary  lesions  with  well-circumscribed  margins 


Abnormalities 

MRI  findings 

Comments 

Lymphoma 
( Fig.  10.129) 

Non-hodgkin  lymphoma  (NHL)  and  Hodgkin 
disease  (HD)  within  bone  typically  appears  as 
single  or  multifocal  poorly  defined  or  circum- 
sciibed  intramedullary  zones  with  low-intenne- 
diate  signal  on  T1  Wl;  intermediate,  slightly  high, 
and/or  high  signal  onT2WI;  and  high  signal  on 
F5  T2WL  Often  show  Gd-contrast  enhance- 
ment. Zones  of  cortical  destiuction  may 
occur  associated  with  extraosseous  soft  tissue 
extension. 

Lymphoid  tumors  with  neoplastic  cells  typically 
within  lymphoid  tissue  (lymph  nodes  and 
reticuloendothelial  organs).  Unlike  leukemia, 
lymphoma  usually  arises  as  discrete  masses. 
Lymphomas  are  subdivided  into  HD  and  NHL. 
Almost  all  primary  lymphomas  of  bone  are  B-cell 
NHL.  HD,  mean  age-  32  years.  Osseous  NHL, 
median  = 35  years. 

Low  grade  chondrosarcoma 
( Fig.  10.130) 

Intramedullary  tumors  often  have  low-interme- 
diate signal  onTIWI,  intermediate  signal  on 
PDWI,  and  heterogeneous  intermediate-high 
signal  on  T2WI.  Lesions  usually  show  heteroge- 
neous Gd-contrast  enhancement. 

Malignant  tumors  containing  cartilage  formed 
within  sarcomatous  stroma.  Account  for  1 2 to 
21%  of  malignant  bone  lesions,  21  to  26%  of 
primary  sarcomas  of  bone.  Mean  age=  40  years, 
median  = 26  to  59  years. 

Malignant  giant  cell  tumor 

Well-defined  lesions  with  or  without  thin  low 
signal  margins  on  T1WI  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1  Wl  and  PDWI,  inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  FS  PDWI  and  FS  T2WI.  Signal  heterogeneity 
on  T2WI  is  not  uncommon.  Aneurysmal  bone 
cysls  are  seen  with  14%  of  giant  cell  tumors. 
Lesions  show  mild  to  prominent  variable  and 
often  heterogeneous  Gd-contrast  enhance- 
ment. Cortical  destruction  and  extraosseous 
tumor  extension  are  frequently  seen. 

Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononuclear  cells  and  scattered  multi- 
nucleated  osteoclast-like  giant  cells.  Up  to  10% 
of  all  giant  cell  tumors  are  malignant.  Benign 
giant  cell  tumors  account  for  approximately  5 to 
9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell 
tumors  occur  in  patients  between  the  ages  of  1 5 
and  45. 
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Fig. 10. 129  A 19-year-old  man  with  large  B- 
cell  lymphoma  in  tile  marrow  of  the  proximal 
tibia,  which  has  Intennedlate  signal  on  eoronal 
Tl-weighted  imaging  (a)  and  high  signal  on 
coronal  fat-suppressed  12-weighted 
Imaging  (b). 


Fig.  10.130  A 46-year-old  woman  with  a low-grade  chondrosareoma  Involving  the  proximal  tibia.  Radiograph  shows  Intraosseous  chondiofd 
mineralization  (arrow)  (a).  The  lesion  has  heterogeneous  high  and  low  signal  on  coronal  fat-suppressed  (FS)  12- weighted  Imaging  (b)  and  shows 
peripheral  lobular  gadolinium-contrast  enhancement  on  coronal  FS  Tl-weighted  imaging  (c). 
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10.6  Solitary  Intramedullary 
Lesions  with  Poorly  Defined 
Margins  of  Abnormal  Marrow 
Signal 

• Nonmalignant  lesions 
o Acute  and  subacute  bone  ischemia 
o Transient  bone  marrow  edema;  also  referred  to  as  acute 
transient  bone  marrow  edema  (acute  bone  marrow  edema 
syndromes  [aBMEs],  transient  osteoporosis  of  the  hip, 
regional  migratory  osteoporosis) 
o Bone  contusion 
o Fracture 
o Osteomyelitis 
o Eosinophilic  granuloma 
o Sarcoidosis 
o Chondroblastoma 


o Giantcell  tumor  of  bone 
o Giantcell  reparative  granuloma 
o Aneurysmal  bone  cyst  (ABC) 
o Osteoid  osteoma 
o Osteoblastoma 
o Brown  tumor 
• Malignant  lesions 
o Metastatic  tumor 
o Plasmacytoma 
o Leukemia 
o Lymphoma 
o Chondrosarcoma 
o Osteosarcoma 
o Ewing  sarcoma 
o Malignant  giant  cell  tumor 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Paget  sarcoma 


Table  10.6  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  manrow  signal 
Abnormalities  MRI  findings 

Nonmalignant  lesions 

Acute  and  subacute  bone  ischemia  In  the  early  phases  of  ischemia,  diffuse  poorly- 

(►  Fig.  10.131 ; i Fig.  1 0.1 32)  defined  zones  of  high  signal  may  be  seen  on  fat- 

suppressed  T2-weighted  imaging  (FS  T2WI), 
which  can  oveilap  the  magnetic  resonance 
imaging  (MRI)  features  of  transient  bone 
maiiow  edema.  In  zones  of  bone  infarction, 
curvilinear  zones  of  low  signal  on  T1  -weighted 
imaging  (T1  Wl)  and  T2WI  may  occur  in  marrow 
from  zones  of  fibrosis.  Irregular  zones  of  low 
signal  on  T1  Wl  and  high  signal  on  T2WI  may 
occur  secondary  to  zones  of  fluid  from  edema, 
ischemia/infarction,  or  fracture.  Zones  with  high 
signal  on  T1  Wl  and  T2WI  may  also  occur  from 
hemorrhage  in  combination  with  zones  of 
fibrosis  and  fluid.  A double-line  sign  (curvilinear 
adjacent  zones  of  low  and  high  signal  on  T2WI) 
is  often  seen  at  the  edges  of  the  infarcts 
representing  the  borders  of  osseous  resorption 
and  healing.  Irregular  gadolinium  (Cd)-contrast 
enhancement  can  be  seen  from  granulation 
tissue  ingrowth. 


Comments 


Bone  infarcts  are  zones  of  ischemic  death 
involving  bone  trabeculae  and  marrow,  which 
can  be  idiopathic  or  result  from  bauma, 
corticosteroid  treatment,  chemotherapy, 
radiation  treatment,  occlusive  vascular  disease, 
collagen  vascular  and  other  autoimmune  dis- 
eases. metabolic  storage  diseases  (e.g.,  Gaucher 
disease),  sickle  cell  disease,  thalassemia,  hyper- 
baric evente/Caisson  disease,  pregnancy,  alcohol 
abuse,  pancreatitis,  infections,  and  lymphopro- 
liferative  diseases.  Osteonecrosis  is  more  com- 
mon in  fatty  compared  with  hematopoietic 
marrow. 


(continued  on  page  424) 
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Fig.  10.131  A 50-year-old  woman  with  acute  ischemia  In  die  proximal 
humerus  superimposed  upon  prior  ischemia  as  seen  on  coronal  fat- 
suppressed  proton  density-weighted  Imaging.  A poorly  defined  zone 
with  increased  signal  is  seen  In  die  marrow  adjaeent  to  an  old  bone 
infarrt  at  the  medial  aspect  of  the  humeral  head. 


Fig.  10.132  A 50-year-oid  man  witii  acute  and  subacute  ischemia  in  the  proximal  femur.  A poorly  defined  zone  witii  low  signal  on  coronal  T1-weighted 
Imaging  (T1  Wl)  (a),  high  signal  on  ooronal  fat-suppressed  (FS)  12-welghted  Imaging  (b),  and  aorrespondlng  gadolinium  (Gd)-aontrast  enhancement 
on  F5  T1WI  is  seen  in  tiie  marrow  (c).  A thin  linear  zone  of  low  signal  is  also  seen  in  the  subchondral  marrow  representing  bone  infarction. 
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Table  10.6  (Cont.)  Solitary  Intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 


MRI 


Comments 


Transient  bone  marrow  edema;  also  referred  to 
as  acute  transient  bone  marrow  edema  (acute 
bone  marrow  edema  syndromes  [aBMEsj,  tran- 
sient osteopoiosls  of  the  hip,  regional  migratory 
osteoporosis) 

(►  Fig.  10.133) 


Bone  contusion 
(►  Fig.  10.134) 


Fracture 
(►  Rg.  10.135) 


Poorly  defined  zones  with  low-intermediate 
signal  on  T1WI  and  high  signal  on  FS  T2WI  and 
short  T1  inversion  recovery  (STIR)  are  seen  in  die 
marrow  of  die  proximal  hip  (femoral  head  and 
neck).  The  signal  abnormalities  may  spare  die 
subchondral  marrow.  MRI  findings  can  be  seen 
wftiiln  48  hour?  of  the  onset  of  symptoms.  Joint 
effusions  may  be  present.  With  dynamic  Gd- 
contrast  administration,  delayed  peak  enhance- 
ment can  be  seen  with  aBME.  With  osteonec- 
rosis of  the  hip,  crescentic  zones  of  low  signal 
on  T1WI  and  F5  12WI  are  seen  in  the  marrow 
between  the  necrotic  and  normal  areas.  These 
crescentic  zones  of  low  signal  on  T1  Wl  and  F5 
12 Wl  are  typically  absent  in  aBME. 


Contusions  usually  appear  as  poorly  defined 
Intramedullaiy  zones  with  low-intermediate 
signal  on  T1WI  and  high  signal  on  F5T2WI.  and 
corresponding  Gd-contrast  enhancement. 
Adjacent  cortical  margins  are  typically  Intact, 

Acute/subacute  fractures  typically  have  abnor- 
mal marrow  signal  (usually  low  signal  on  T1WI, 
high  signal  on  12 Wl  and  F5  T2WI).  Gd-contrast 
enhancement  Is  typically  seen  in  the  postfrac- 
ture period.  Angulated  cortical  margins  and 
periosteal  high  signal  on  FS 12WI  can  be  seen 
with  traumatic  fractures.  A curvilinear  zone  of 
low  signal  on  T2WI  and  F5 12WI  may  be  seen 
within  die  marrow  edema  in  stiess  fractures. 


aBME  Is  an  Idlopathk  spontaneous  pnoces  with 
transient  edema  in  bone  marrow  that  is  not 
secondary  to  trauma  and  may  or  may  not  be 
associated  wftii  osteoporosis.  aBME  frequently 
Involves  die  proximal  femur  In  men  between  30 
and  50  years,  and  women  in  the  last  trimester  of 
pregnancy.  aBME  Is  typically  associated  with 
pain  and  limping  disability.  Biopsies  show  active 
osteoblasts  and  osteoid  seams  adjacent  bo 
tiilnned  disconnected  trabeculae,  as  well  as  mild 
fibrosis,  edematous  changes,  vascular  conges- 
tion with  occasional  hemorrhage  in  marrow 
without  osteonecrosis.  With  conservative  ther- 
apy such  as  analgesics,  restricted  weight-bear- 
ing, and  antiresoitive  agents  such  as 
blsphosphonates  and  calcitonin,  symptoms 
resolve  in  2 to  9 montiis.  Similar  clinical  and 
Imaging  findings  have  been  reported  in  otiier 
bones,  often  in  juxta-arb'cular  locations  in  the 
lower  extremities,  and  have  been  referred  to  as 
regional  migratory  osteoporosis. 

Also  referred  to  as  bone  biulses,  contusions 
represent  trabecular  mlciofractures  wltiiout 
cortical  fr  acture.  In  die  knee,  contusions  at  die 
lateral  femoral  condyle  and  posterolateral  prox- 
imal tibia  are  commonly  associated  with  Injuries 
bo  the  anterior  cruciate  ligament 
Fractures  can  result  from  trauma,  prlmaiy  bone 
tumors/lesions,  metastatic  disease,  bone 
infante  (steroids,  diemotiierapy,  and  radiation 
treatment),  osteoporosis,  osteomalacia,  meta- 
bolic (calcium/  phosphate)  disorders,  vitamin 
def  idencies,  Paget  disease,  and  genetic  disor- 
ders such  as  osteogenesis  imperfecta,  among 
others. 

(amtinued  on  page  426 ) 


Fig.  10.1 33  A 53-year-old  man  with  acute  bone  marrow  edema  in  the  proximal  femur.  A poorly  defined  zone  with  low-intermediate  signal  on  coronal 
T1- weighted  Imaging  (a)  and  high  signal  on  coronal  fat-suppressed  T2-welghted  Imaging  (b)  Is  seen  In  die  marrow. 
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Fig.  10.134  Bone  eontuslon  In  the  distal  femur  seen  as  a poorly 
defined  zone  with  high  signal  In  die  subchondral  marrow  on  sagittal 
fat-suppreseed  T2  weighted  imaging. 


F1g.10.135  A 17-ytar-old  boy  wltii  a 
fatigue- type  stress  fracture  Involving  tire 
femoral  nedc.  Anteroposterior  radiograph 
(a)  shows  a small  linear  zone  of  endosteal 
sclerosis  (arrows).  A poorly  defined  zone 
with  high  signal  is  seen  in  tire  marrow 
adjacent  to  a linear  zone  of  iow  signal  on 
fat-suppressed  T2-weighted  imaging  (b), 
as  well  as  thin  periosteal  reaction  with 
high  signal  medially. 
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Table  10.6  (Cont)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Osteomyelitis 
( Fig.  10.136) 

In  acule  osteomyelitis,  poorly  defined  zones  of 
low  or  low-intermediate  signal  on  T1WI  and 
high  signal  onT2WI,  STIR,  and  FS  T2WI  are  seen 
in  the  marrow.  Loss  of  definition  of  the  low 
signal  line  of  the  cortical  margins  is  often 
observed  on  T1WI,  T2WI,  STIR,  and  FS  T2WI. 
After  Gd-contrast  administration,  irregular 
aones  of  contrast  enhancement  are  seen  in  the 
involved  marrow  on  FS  T1WI.  In  the  subacute 
phase  of  osteomyelitis,  the  pyogenic  process 
becomes  more  localized.  The  zone  of  transition 
between  normal  and  abnormal  bone  is  shaiper 
and  more  well  defined  in  subacute  and  chronic 
osteomyelitis  than  with  acute  osteomyelitis. 

Osteomyelitis  is  a disorder  in  which  there  is 
infection  of  bone  and  commonly  the  adjacent 
soft  tissues.  Can  result  from  hematogenous 
spread  of  micro-organisms  as  well  as  from 
trauma-direct  inoculation,  extension  from  adja- 
cent tissues,  and  complications  from  surgery. 
Bacteria  such  as  Staphylococcus  aureus  and 
Streptococcus  pyogenes  are  the  most  common 
infectious  organisms.  Can  also  result  from  other 
bacteria  as  well  as  tuberculosis,  fungi,  parasites, 
and  viruses. 

Eosinophilic  granuloma 
( Fig.  10.137) 

Focal  intramedullary  lesions  associated  with 
trabecular  and  cortical  bone  destruction,  which 
typically  have  low-intermediate  signal  onTIWI 
and  proton  density-weighted  imaging  (PDWI) 
and  heterogeneous  slightly  high  to  high  signal 
on  T2WI.  Poorly  defined  zones  of  high  signal  on 
T2WI  are  usually  seen  in  the  marrow  peripheral 
to  the  lesions  secondary  to  inflammatory 
changes.  Extension  of  lesions  from  the  marrow 
into  adjacent  soft  tissues  through  areas  of 
coitical  disruption  are  commonly  seen  as  well  as 
linear  periosteal  aones  of  high  signal  on  T2WI. 
Lesions  typically  show  prominent  Gd-contrast 
enhancement  in  marrow  and  in  extraosseous 
soft  tissue  portions  of  the  lesions. 

Benign  tumor-like  lesions  consisting  of  Langer- 
hans  cells  (histiocytes)  and  variable  amounts  of 
lymphocytes,  polymorphonuclear  cells,  and 
eosinophils.  Account  for  1%  of  primary  bone 
lesions  and  8%  of  tumor-like  lesions.  Occurs  in 
patients  with  median  age  - 1 0 years,  aver- 
age = 13.5  years,  peak  incidence  is  between  5 
and  1 0 years,  80  to  85%  occur  in  patients  less 
than  30  years. 

Sarcoidosis 

Lesions  usually  appear  as  intramedullary  zones 
with  low  to  intermediate  signal  on  T1WI  and 
slightly  high  to  high  signal  on  T2WI  and  FS  POWI 
and  FS  T2WI.  Erosions  and  aones  of  destruction 
of  adjacent  bone  cortex  as  well  as  periosseous 
extension  of  the  granulomatous  process  can 
occur.  Fine  perpendicular  lines  of  low  signal  on 
T1WI  may  be  seen  extending  outward  from  the 
region  of  eroded  or  destroyed  cortex.  After  Gd- 
contrast  administration,  lesions  typically  show 
moderate  to  prominent  enhancement. 

Chronic  systemic  granulomatous  disease  of 
unknown  etiology  in  which  noncaseating  gran- 
ulomas occur  in  various  tissues  and  organs, 
including  bone. 

Chondroblastoma 
( Rg.  10.138) 

Tumors  often  have  fine  lobular  margins  and 
typically  have  low-intermediate  heterogeneous 
signal  on  T1  Wl  and  mixed  low,  intermediate, 
and/or  high  signal  on  T2WI.  Areas  of  low  signal 
on  T2WI  are  secondary  to  chondroid  matiix 
mineralization,  and/or  hemosiderin.  Lobular, 
marginal,  or  septal  Gd-contrast  enhancement 
patterns  can  be  seen.  Poorly  defined  aones  with 
high  signal  on  T2WI  and  FS  T2WI  and  corre- 
sponding Gd-contrast  enhancement  are  typi- 
cally seen  in  the  marrow  adjacent  to  the  lesions 
representing  inflammatory  reaction  from  pros- 
taglandin synthesis  by  these  tumors. 

Benign  cartilaginous  tumors  with  chondroblast- 
like cells  and  areas  of  chondroid  matrix  forma- 
tion, usually  occur  in  children  and  adolescents, 
median  = 17  years,  mean  = 1 6 years  for  lesions  in 
long  bones,  mean  = 28  years  in  other  bones. 

Most  cases  are  diagnosed  between  the  ages  of  5 
and  25. 

(continued  on  page  428) 
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Fig.  10.136  Pyogenic  osteomyelitis  seen 
as  a pooily  defined  zone  of  abnormal  high 
signal  on  sagittal  fat-suppressed  (FS)  T2- 
welghted  Imaging  (a)  In  the  marrow  of 
the  distal  femur  of  a 6-year-old  male.  The 
Infection  extends  through  the  bone  con- 
lex  resulting  In  a subperiosteal  abscess 
(arrow).  Osteomyelitis  involving  the  first 
metatarsal  marrow  of  a 14-yaar-old  boy  is 
seen  as  a poorly  defined  zone  of  Gd- 
contiast  enhancement  on  coronal  FS  T1- 
weighted  imaging  (b). 


Fig.  10.137  A 5-y#ar-old  male  wltii  an  eosinophilic  granuloma  In  tiie  marrow  of  the  distal  humerus  seen  as  a poorly  defined  radlolucent  zone  (a), 
which  has  high  signal  on  coronal  fet-suppressed  (FS)  12-weighted  imaging  (b)  and  shows  prominentgadolinium-contiastenhancementon  axial  FST1- 
wekjhted  imaging  (c).  The  intiamedullaiy  lesion  extends  tiirough  thecorfcexintothe  adjacent  soft  tissues.  Elevated  periosteum  is  also  seen  (arrows). 


Fig.  10.138  A 13-year-old  girl  with  a 
chondroblastoma  in  the  epiphysis  of  tiie 
proximal  tibia  seen  as  a lesion  with  thin 
low  signal  margins  (arrow)  surrounding  a 
central  zone  with  low,  intennediate, 
slightly  high,  and  high  signal  on  coronal 
fet-suppressed  12-weighted  imaging  (FS 
12 Wl)  (a).  Poorly  defined  zones  with  high 
signal  on  FS  T2WI  and  contrast  enhance- 
ment on  axfal  FST1  -weighted  Imaging  (b) 
are  seen  in  tiie  epiphyseal  and  metaphy- 
seal marrow  peripheral  to  tiie  lesion,  as 
well  as  periosteal  zones  with  high  signal 
and  contrast  enhancement 
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Table  10.6  (Cont.)  Solitary  Intramedullary  lesions  wtth  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 


MRI 


Comments 


Giant  cell  tumor  of  bone 
(►  Fig.  10.139) 


Giantcell  reparative  granuloma 
(►  Fig.  10.140) 


Aneurysmal  bone  cyst  (ABC) 
(►  Fig.  10.141) 


Lesions  can  have  thin  low  signal  margins  on 
TIWI,  PDWI,  and  T2WI.  Solid  portions  of  giant 
cell  tumors  often  have  low  to  intermediate 
signal  on  T1WI  and  PDWI,  Intermediate  to  high 
signal  on12WI,  and  high  signal  on  FS  PDWI  and 
FS  T2WI.  Zones  of  low  signal  on  12WI  may  be 
seen  secondary  to  hemosiderin.  Aneurysmal 
bone  cysts  can  be  seen  In  14%  of  giant  sell 
tumors.  Aruas  of  cortical  thinning,  expansion, 
and/or  destruction  can  occur  with  extraosseous 
extension.  Tumors  show  varying  degrees  of  Gd- 
contrast  enhancement  Poorly  defined  zones  of 
Gd-contrast  enhancement  and  high  signal  on  FS 
T2WI  may  also  be  seen  In  the  marrow  peripheral 
to  the  portions  of  the  lesions  associated  with 
radiographic  evidence  of  bone  destruction, 
possibly  Indicating  reactive  Inflammatory  and 
edematous  changes  associated  with  elevated 
tumor  prostaglandin  levels. 

Lesions  can  have  heteiogeneous  low.  Interme- 
diate, and/or  high  signal  on  TIWI,  PDWI,  and 
T2WI;  as  well  as  peripheral  rfmllUe  and  central 
Gd-contrast  enhancement  on  FS  TIWI.  May  be 
surrounded  by  poorly  defined  zone  of  high 
signal  on  FS  T2WI  and  Gd-contrast  enhance- 
ment In  the  adjacent  marrow. 

ABCs  often  have  a low  signal  rim  on  TIWI  and 
T2WI  adjacent  to  normal  medullaiy  bone,  and 
between  extraosseous  soft  tissues.  Various 
combinations  of  low,  intermediate,  and/or  high 
signal  on  T1 W,  PDWI,  and  T2W  Images  are 
usually  seen  within  ABCs  as  well  as  fluid-fluid 
levels.  Variable  Gd-contrast  enhancement  is 
seen  at  the  maiglns  of  lesions  as  well  as 
Involving  the  Internal  septae.  Poorty-defined 
zones  with  increased  signal  on  FS  12WI  may  be 
seen  In  marrow  adjacent  to  these  lesions. 


Aggressive  bone  tumors  composed  of  neoplastic 
mononuclear  cells  and  scattered  multinudcaled 
oskeodast-lilie  giant  cells.  Accounts  for  23%  of 
primaiy  nonmallgnant  bone  tumors  and  5 to  9% 
of  all  primary  bone  tumors;  median  age- 30 
years. 


Giant  cell  reparative  granulomas  are  also 
referred  to  as  solid  aneurysmal  bone  cysts 
(ABCs).  Histologic  appearance  resembles  brown 
tumors. 


Tumor-lilie  expansile  bone  lesions  containing 
cavernous  spaces  filled  with  blood.  ABCs  can  be 
primary  bone  lesions  (two  thiids)  or  secondary 
to  other  bone  lesions/tumors.  Account  for 
approximately  1 1X  of  primaiy  tumor-HUe  lesions 
of  bone.  Patients  usually  range  In  age  from  1 to 
25  years,  median  = 14  years. 


(continued  on  poge  430) 
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Fig. 10.139  A 34-year-old  woman  with  a 
giant  cell  tumor  In  the  distal  lateral  tibia. 
Centrally  the  tumor  has  high  signal  on 
coronal  fat-suppressed  T2-weighted 
imaging  (F5  T2WI)  (a)  and  shows  gado- 
linium-contrast enhancement  on  coronal 
F5  Tl-welghted  Imaging  (b).  The  tumor  is 
surrounded  by  a thin  rim  of  low  signal  and 
a poorly  defined  peripheral  zone  of  high 
signal  on  F5  T2WI  and  Gd-contrast 
enhancement  in  the  marrow. 
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Rg,  10.140  A 14-year-old  girl  with  a giant  cell  granuloma  (solid  aneurysmal  bone  cyst)  Involving  the  dlmetaphyssal  pardon  of  tire  proximal  tibia. 
The  lesion  shows  a thin  peripheral  rimlike  zone  of  low  signal  surrounding  a central  zone  of  Gd-aontiask  enhancement  on  coronal  fat-suppreszd 
T1- weighted  Imaging.  A poorly  defined  zone  of  Gd-iontrast  enhancement  Is  seen  In  the  marrow  adjacent  to  the  lesion. 


Fig. 10. 141  A 14-year-old  girl  with  an 
aneurysmal  bone  cyst  in  the  proximal 
lateral  tibia,  which  has  low  to  Intermedi- 
ate signal  as  well  as  a small  focus  of  high 
signal  on  loronal  Tl-weighked  imaging 
(a).  The  lesion  aontalns  multiple  flluld-flluld 
levels  on  aoronal  fat-suppressed  T2- 
weighted  imaging  (FS  12WI)  (b).  Poorly 
defined  zones  with  Increased  signal  on  FS 
12 Wl  are  also  seen  In  the  adjaaent 
marrow. 
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Table  10.6  (Cont)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Osteoid  osteoma 
( Fig.  10.142) 

Intraosseous  circumscribed  lesions  often  less 
than  1.5  cm  in  diameter,  central  zone  with  low- 
intermediate  signal  on  T1WI  and  high  signal  on 
T2WI  and  FS  T2WI  with  prominent  Cd-contrast 
enhancement,  surrounded  by  a peripheral  rim 
of  low  signal  on  T1  Wl  and  T2WI  (sclerosis). 
Lesions  usually  have  poorly  defined  zones  with 
high  signal  on  T2WI  and  FS  T2WI  and  Gd- 
contrast  enhancement  in  the  man-ow  (edema, 
inflammation)  beyond  the  zone  of  sclerosis  or 
in  adjaaent  soft  tissues  from  prostaglandin 
synthesis  by  these  lesions. 

Benign  osseous  lesion  containing  a nidus  of 
vascularized  osteoid  trabeculae  surrounded  by 
osteoblastic  sclerosis,  usually  occuis  between 
ages  of  5 and  25,  males  > females.  Focal  pain 
and  tenderness  associated  with  lesion,  which  is 
often  worse  at  night,  relieved  with  aspirin. 

Osteoblastoma 
( Fig.  10.143) 

Expansile  lesion  often  greater  than  1.5  cm  in 
diameter  with  low-intermediate  signal  on  T1WI 
and  intennediate-high  signal  on  T2WI  and  F5 
T2WI;  usually  show  Gd-contrast  enhancement. 
Lesions  usually  have  pooriy  defined  zones  with 
high  signal  onT2WI  and  FS  T2WI  and  Gd- 
contrast  enhancement  in  the  man-ow  (edema, 
inflammation)  beyond  the  zone  of  sclerosis  or  in 
adjacent  soft  tissues  from  prostaglandin  syn- 
thesis by  these  lesions. 

Rare  benign  bone-forming  neoplasm  (2%  of 
bone  tumors)  usually  occurs  in  patients  aged  6 
to  30  years,  median  = 15  years.  Histologically 
related  to  osteoid  osteomas. 

Brown  tumor 

Lesions  are  usually  radiolucent  on  radiographs 
and  CT.  Lesions  often  have  low-intermediate 
signal  on  T1  Wl,  intermediate  to  slightly  high 
signal  on  T2WI,  and  typically  show  Gd-contrast 
enhancement.  Zones  of  low  signal  on  T2WI  may 
occur  from  hemosiderin.  Expansion  of  aortical 
margins  can  occur  with  or  without  cortical 
disruption/destruction.  Lesions  may  have 
circumscribed  and/or  pooily  defined  margins. 

Most  often  involves  ribs,  mandible,  clavicle, 
pelvis,  craniofacial  bones,  and  vertebrae.  Can 
result  from  primary  hyperparathyroidism  (3  to 
7%)  (oversecretion  of  PTH  from  parathyroid 
adenoma  associated  with  hypercalcemia), 
secondary  type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertiaiy  type  in  which  the 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  parathyroid  gland 
hyperplasia. 

(continued  on  page  432) 
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Flg.10.142  A 15-yoar-old  girl  with  a subper- 
iosteal osteoid  osteoma  involving  tile  proximal 
tibia.  The  radiolucent  nidus  of  the  lesion 
contains  a tiny  calcification  and  Is  surrounded 
with  endosteal  and  tiiidc  periosteal  bone 
formation  on  sagittal  computed  tomographic 
Image  (a).  The  nidus  has  high  signal  on  sagittal 
fat-suppressionT2-welghted  imaging  (F5 
12WI)  (b).  Thickened  cortex  adjacent  to  the 
nidus  has  low  and  sllghtly-hlgh  signal  on  F5 
T2WI  and  is  associated  with  periosteal  reaction 
with  high  signal  in  tiie  marrow  and  extraoss- 
eous  soft  tissues. 


Fig.  10.143  A 24-year-old  man  with  an  osteoblastoma  (arrow)  Involving  the  distal  tibia,  which  has  heterogeneous  high  and  low  signal  on  sagittal  fat- 
suppressed  T2-weighfced  imaging  (FS  T2WI)  (a).  A thin  rim  of  low  signal  is  seen  at  the  periphery  of  the  tumor  and  at  the  border  with  medullary  bone. 
The  tumor  causes  expansion  and  Irregular  thinning  of  the  anterior  cortical  margin  of  tire  distal  tibia.  The  lesion  shows  prominent  heterogeneous 
gadolinium-contrast  enhancement  on  sagittal  FS  T1  -weighted  Imaging  (arrow)  (b).  Poorly  defined  zones  of  high  signal  onT2WI  and  eorrespondlng  Gd- 
contrast  enhancement  are  seen  in  the  marrow  and  soft  tissues  adjacent  to  the  osteoblastoma. 
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Table  10.6  (Cont)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Malignant  lesions 

Metastatic  tumor 
( Fig.  10.144) 

Single  or  multiple  well-circumscribed  or  poorly 
defined  infiltrative  lesions  involving  marrow 
associated  with  cortical  destruction  and  extra- 
osseous  extension.  Lesions  often  have  low- 
intermediate  signal  on  T1  Wl,  low,  intermediate, 
and/or  high  signal  onT2WI  and  FST1WI,  usually 
show  Gd-contrast  enhancement.  Cortical 
destruction  and  tumor  extension  into  the 
extraosseous  soft  tissues  can  occur.  Pathological 
fractures  can  be  associated  with  metastatic 
lesions  involving  tubular  bones  and  vertebrae. 
Periosteal  reaction  is  uncommon. 

Metastatic  lesions  typically  occur  in  the  marrow 
with  or  without  cortical  destruction  and 
exb  aosseous  tumor  extension. 

Plasmacytoma 
( Fig.  10.145) 

Multiple  myeloma  or  single  plasma  cell  neo- 
plasms (plasmacytoma)  are  well-circumscribed 
or  poorly  defined  infiltrative  lesions  involving 
marrow,  low-intermediate  signal  on  T1WI, 
intermediate-high  signal  on  T2WI  and  FS  T2WI; 
usually  show  Gd-contrast-enhancement,  even- 
tual cortical  bone  destruction  and  extraosseous 
extension. 

Malignant  tumors  composed  of  proliferating 
antibody-secreting  plasma  cells  derived  from 
single  clones.  Most  common  primary  neoplasm 
of  bone  in  adults,  median  age -60  years.  Most 
patients  are  older  than  40  years.  May  have 
variable  destiuctive  or  infiltrative  changes 
involving  the  axial  and/or  appendicular  slteleton. 

Leukemia 

Single  or  multiple  well-circumscribed  or  poorly 
defined  infiltrative  lesions  involving  marrow; 
low-intermediate  signal  on  T1WI,  intermediate- 
high  signal  on  T2WI  and  FS  T2WI,  often  shows 
Gd-contrast  enhancement,  ± cortical  bone 
destruction  and  exbaosseous  extension. 

Lymphoid  neoplasms  with  involvement  of  bone 
marrow  with  tumor  cells  also  in  peripheral 
blood.  In  children  and  adolescents,  acute 
lymphoblastic  leukemia  (ALL)  is  the  most  fre- 
quent type.  In  adults,  chronic  lymphocytic 
leukemia  (small  lymphocytic  lymphoma)  is  the 
most  common  type  of  lymphocytic  leukemia. 
Myelogenous  leukemias  are  neoplasms  derived 
from  abnormal  myeloid  progenitor  cells.  Acute 
myelogenous  leukemia  (AML)  occurs  in  adoles- 
cents and  young  adults  and  represents  approx- 
imately 20%  of  childhood  leukemia.  Chronic 
myelogenous  leukemia  (CML)  usually  affects 
adults  older  than  25  years. 

(continued  on  page  434) 
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Rg,  10.144  A 26-year-old  man  with  metastatic  seminoma  In  the 
marrow  of  the  femur  seen  as  a poorly  defined  zone  with  slightly  high  to 
high  signal  on  coronal  fat-suppressed  12-weighted  imaging. 


Fig. 10. 145  Plasmacytoma  In  a 75-year- 
old  woman  involving  the  proximal  tibia. 
The  radlolucent  Intramedullaiy  lesion  with 
poorly  defined  margins  and  cortical 
destruction  on  radiograph  (a)  has  high 
signal  with  poorfy  defined  margins  In  die 
marrow  on  sagittal  fat-suppressed  12- 
weighted  imaging  (b).  Tumor  extends 
through  destroyed  bone  cortex  into  die 
adjacent  soft  tissues. 
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Table  10.6  (Cont.)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 


MRI  findings 


Comments 


Lymphoma 
(►  Fig.  10.146) 


Chondrosareoma 
(►  Fig.  10.147) 


Osteosarcoma 
(►  Fig.  10.148) 


Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin 
disease  (HD)  within  bone  typically  appears  as 
single  or  multifocal  poorly  defined  or  circum- 
scribed intramedullaiy  aones  with  low-intenne- 
diate  signal  onTIWI,  and  intermediate,  slightly 
high,  and/or  high  signal  onT2WI  and  high  signal 
on  FS  T2WI;  often  show  Gd-contrast  enhance- 
ment. Zones  of  cortical  destiuction  may  occur 
associated  with  extraosseous  soft  tissue 
extension. 

Intramedullary  tumors  often  have  low-interme- 
diate signal  on  T1  Wl,  intermediate  signal  on 
PDWI.  and  heteiogeneous  intermediate-high 
signal  on  T2WI.  Lesions  usually  show  heteroge- 
neous contrast  enhancement. 

Destructive  intramedullary  malignant  lesions, 
low-intermediate  signal  on  T1WI.  mixed  low. 
intermediate,  high  signal  on  T2WI.  usually  with 
matrix  mineralization/ossification-low  signal  on 
T2  W images;  usually  show  Gd-contrast 
enhancement  (usually  heterogeneous).  May 
have  circumscribed  and/or  ill-defined  margins. 
Zones  of  coitical  destruction  are  typically  seen 
through  which  tumors  extend  into  the  extra- 
osseous  soft  tissues  under  an  elevated  perios- 
teum. Lamellated  and/or  spiculated  aones  of 
bone  formation  can  occur  under  the  periosteal 
elevation  secondary  to  tumor  invasion  and 
perforation  of  bone  cortex.  Low  signal  from 
spicules  of  periosteal,  reactive,  and  tumoral 
bone  formation  may  have  a divergent  (sunburst) 
pattern,  perpendicular  (hair  on  end)  pattern,  or 
disorganised  or  complex  appearance.  Triangular 
aones  of  periosteal  elevation  (Codman  triangles) 
can  be  seen  at  the  boiders  of  zones  of  cortical 
destruction  and  tumor  extension. 


Lymphoid  tumors  with  neoplastic  cells  typically 
within  lymphoid  tissue  (lymph  nodes  and 
reticuloendothelial  organs).  Unlike  leukemia, 
lymphoma  usually  arises  as  discrete  masses. 
Lymphomas  are  subdivided  into  HD  and  NHL. 
Almost  all  primary  lymphomas  of  bone  are  B cell 
NHL.  HD.  mean  age-  32  years.  Osseous  NHL. 
median  = 35  years. 


Malignant  bone  tumors  containing  cartilage 
formed  within  sarcomatous  stroma.  Account  for 
12  to  21%  of  malignant  bone  lesions,  21  to  26% 
of  primary  sarcomas  of  bone.  Mean  age=  40 
years,  median  = 26  to  59  years. 

Malignant  tumor  composed  of  proliferating 
neoplastic  spindle  cells  that  produce  osteoid 
and/or  immature  tumoral  bone,  which  most 
frequently  arise  within  medullary  bone  (meta- 
diaphyseal  > metaphyseal  > diaphyseal  loca- 
tions). Two  age  peaks  of  incidence.  The  larger 
peak  occuis  between  the  ages  of  10  and  20  and 
accounts  for  over  half  of  the  cases.  The  second 
smaller  peak  occurs  in  adults  over  60  years  and 
accounts  for  approximately  10%  of  the  cases. 
Oecuis  in  children  as  piimaiy  tumors  and  adults 
(associated  with  Paget  disease,  irradiated  bone, 
chronic  osteomyelitis,  osteoblastoma,  giant  cell 
tumor,  fibrous  dysplasia. 


(continued  on  poge  436) 
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Fig. 10. 146  A 13-year-old  girl  wltli  Burkftt 
lymphoma  involving  the  marrow  of  tile 
proximal  tibia  seen  as  poorly  defined 
aones  with  low-intermediate  signal  on 
sagittal  Unweighted  imaging  (a)  and  high 
signal  on  fat-suppressed  T2-welghted 
imaging  (b). 
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Fig.  10.147  A 44-year-old  woman  with  a 
diondrosareoma  in  the  proximal  shaft  of 
the  femur,  which  has  chondrold  mineral- 
ization on  axial  computed  tomography 
(a).  The  tumor  has  high  signal  with  poorly 
defined  margins  on  coronal  fat-sup- 
pressed 12-welghted  Imaging  (b). 
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Fig. 10. 140  A 9-year-old  girl  with  an 
osteosaroma  Involving  proximal  epiphy- 
seal and  metaphyseal  portions  of  the  tibia 
(arrow)  with  malignant  tumoral  ossifica- 
tion (a).  The  tumor  has  heterogeneous 
high  signal  on  eoronal  fat-suppressed  T2- 
weighted  imaging  (b)  with  poorly  defined 
margins  and  Is  associated  with  cortical 
destruction  and  periosteal  elevation  from 
extraoaeous  tumor  extension. 
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Table  10.6  (Cont.)  Solitary  Intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 


Comments 


Ewing  sareoma 
(►  Fig.  10.149) 


Malignant  giant  cell  tumor 
(►  Fig.  10.150) 


Destructive  malignant  lesions  Involving  marrow, 
low-intermediate  signal  on  T1WI,  mined  low, 
intermediate,  and/or  high  signal  on  T2WI  and  F5 
T2WI,  usually  shows  Gd-aontrast  enhancement 
(usually  heterogeneous).  Extraoseous  tumor 
extension  through  sites  of  cortical  destruction  is 
commonly  seen  beneath  an  elevated  perios- 
teum. Thin  striated  zones  of  low  signal  on  T2WI 
can  sometimes  be  seen  oriented  perpendicular 
to  die  long  axis  of  the  Involved  bone  under  the 
elevated  periosteum  representing  the  hair  on 
end  appearance  of  reactive  bone  formation 
secondary  to  the  tumor.  In  long  bones,  tumors 
are  most  often  located  In  the  diaphyseal  region, 
followed  by  tire  metadiaphyseal  region. 

Well-defined  lesions  with  or  without  thin  low 
signal  maiglns  on  T1  Wl  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
Intermediate  signal  on  T1WI  and  PDWI,  Inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  F5  PDWI  and  F5  T2WI.  Signal  heterogeneity 
on  12WI  Is  not  uncommon.  Aneuiysmal  bone 
cysts  are  seen  with  14%  of  giant  cell  tumors, 
lesions  show  mild  to  prominent  variable  and 
often  heterogeneous  Gd-contrast  enhance- 
ment Cortical  destitution  and  extiaosseous 
tumor  extension  are  frequently  seen. 


Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  cells  with  round  nudel. 
Accounts  for  6 to  1 1X  of  primary  malignant 
bone  tumors,  5 to  7X  of  primary  bone  tumors. 
Usually  occurs  between  tire  ages  of  5 and  30, 
males>females,  locally  invasive,  high  metastatic 
potential. 


Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononuclear  cells  and  scattered  muhl- 
nucleated  osteoclast-like  giant  cells.  Up  to  1 0% 
of  all  giant  cell  tumors  are  malignant  Benign 
giant  cell  tumors  account  for  approximately  5 to 
9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell 
tumors  occur  In  patients  between  the  ages  of  1 5 
and  45  years. 


(continued  on  poge  438) 


Fig.  10.149  An  1 1-year-old  boy 
with  Ewing  sarcoma  in  the  tibia 
seen  as  a poorly  defined  radio- 
lucent  Intramedullary  lesion 
(arrows)  associated  with  corti- 
cal disruption  and  Interrupted 
periosteal  elevation  on  lateral 
radiograph  (a).  The  tumor  has 
high  signal  In  the  marrow  on 
coronal  fat-suppressed  (F5)  T2- 
weighted  imaging  (b)  and 
shows  contrast  enhancement 
on  coronal  FS  Tl-welghted 
Imaging  (c).  Tumor  extends 
through  destroyed  bone  cortex 
with  elevation  of  disrupted 
periosteum. 
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Fig.  10.150  A 16-year-old  boy  with  a malignant  giant  cell  tumor  in  tile 
marrow  of  tire  distal  tibia  associated  with  aortical  destruction  and 


extraoseous  extension.  The  Intramedullary  portion  of  the  tumor  has 
high  signal  centrally  on  aoronal  fat-suppressed  ll-weighled  imaging 
surrounded  by  a rim  of  low  signal,  and  a poorly  defined  peripheral  zone 
of  high  signal  In  tire  adjacent  marrow. 
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Table  10.6  (Cont.)  Solitary  Intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Fibrosarcoma 

Intramedullary  lesions  with  Irregular  margins, 
witii  or  without  associated  cortical  destruction 
and/or  extra  osseous  soft  tissue  masses.  Lesions 
usually  have  low-intermediate  signal  on  T1WI 
and  PDWI,  and  heterogeneous  Intermediate, 
slightly  high,  and/or  high  signal  on  T2W1. 

Lesions  usually  show  heterogeneous  Gd- 
contrast  enhancement. 

Fibrosarcomas  are  uncommon  malignant 
tumors  consisting  of  bundles  of  neoplastic 
fibroblasts/spindle  cells  with  varying  proportions 
of  collagen,  lacking  other  tissue-differentiating 
features  such  as  tumor  bone,  osteoid,  or 
cartilage.  Can  be  primary  lesions  (75%)  or  aiise 
as  secondary  tumors  (25%)  associated  with  prior 
irradiation.  Paget  disease,  bone  Infaict,  chronic 
osteomyelitis,  fibrous  dysplasia,  giant  cell  tumor. 
Account  for  3 to  5%  of  prfmaiy  malignant  bone 
tumors  and  2 to  4%  of  all  bone  tumors;  median 
age =43  years. 

Malignant  fibrous  histiocytoma 
(i  Fig.  10.151) 

Intramedullary  lesions  with  Irregular  margins 
witii  zones  of  cortical  destruction  and  extraoss- 
eous  extension.  Tumors  often  have  low-inter- 
mediate signal  onTI  Wl,  low-intermediate  signal 
on  PDWI.  and  heterogeneous  Intermediate-high 
signal  onl2WI  and  F5 12 Wl.  Invasion  into  Joints 
occurs  In  30%.  May  be  associated  with  bone 
infarcts,  bone  cysts,  chronic  osteomyelitis. 

Paget  disease,  and  other  treated  primary  bone 
tumors.  Lesions  usually  show  heterogeneous 
Gd-contrast  prominent  enhancement. 

Malignant  tumor  Involving  soft  tissue  and  rarely 
bone  derived  from  undifferentiated  mesendty- 
mal  cells.  Contains  cells  with  limited  cellular 
differentiation  such  as  mixtures  of  fibroblasts, 
myofibioblasts,  hlstiocyte-lllie  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for 

1 to  5%  of  primary  malignant  bone  tumors 
and<  1%  to  3%  of  all  prlmaiy  bone  tumors. 
Patient  ages  range  from  1 1 to  80  years, 
median  -48  years,  mean  -55  yaars. 

Paget  sarcoma 
(r  Fig.  10.152) 

Irregular  zones  of  medullary  and  cortical  bone 
destruction  associated  with  an  extraosseous 
soft-tissue  mass-lesion.  Ihe  involved  marrow 
typically  has  low  to  intermediate  signal  on  T1WI 
and  PDWI  and  low  to  high  signal  on  12WI. 
Abnormal  Gd-contiast  enhancement  Is  seen  In 
the  marrow  as  well  as  in  the  extraosseous  tumor 
extension. 

Paget  disease  is  most  common  bone  disease  in 
older  adults  after  osteoporosis.  Median  age- 66 
years.  Disordered  bone  resorption  and  woven 
bone  formation  occurs  resulting  in  osseous 
deformity.  Associated  with  less  than  1%  risk  for 
developing  secondary  sarcomatous  changes. 

Fig.  10.151  Malignant  fibrous  histiocytoma  involving 
die  humerus  In  a 55-yearold  woman  seen  as  a 
radlolucentlnhamedullaiy  lesion  (a)  (arrow)  with  poorly 
defined  margins  and  endosteal  erosion,  which  has  high 
signal  wfth  poorly  defined  margins  In  die  marrow  on 
fat-suppressed  T2-weighted  Imaging  (b). 
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Fig.  10.152  A 71 -year-old  woman  with  Paget  sarcoma  involving  the 
marrow  of  the  distal  femur  associated  with  cortical  destruction  and 
extraoseous  extension  as  seen  on  sagittal  Unweighted  imaging. 
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10.7  Solitary  Intramedullary 
Lesions  Located  Near  the  Ends  of 
Tubular  Bones 

• Nonmalignant  lesions 
o Enchondroma 
° Giant  cell  tumor  of  bone 
° Giant  cell  reparative  granuloma 
o Chondroblastoma 
o Chondromyxoid  fibroma 
o Osteoblastoma 
° Intraosseous  lipoma 
o Geode/subchondral  degenerative  cyst 
° Intraosseous  ganglion 

° Intraosseous  extension  of  inflammatory  synovium/pannus 
° Intraosseous  calcific  tendinopathy 
o Fracture 
o Bone  contusion 


o Osteochondritis  dissecans 
o Bone  infarct 

o Transient  bone  marrow  edema  (acute  bone  marrow  edema 
syndromes  [aBMEs],  transient  osteoporosis  of  the  hip, 
regional  migratory  osteoporosis) 
o Osteomyelitis 
o Eosinophilic  granuloma 
• Malignant  lesions 
° Metastatic  lesion 
o Plasmacytoma 
o Lymphoma 
o Leukemia 
o Chondrosarcoma 
o Osteosarcoma 
o Ewing  sarcoma 
o Malignant  giant  cell  tumor 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Hemangioendothelioma 


Table  10.7  Solitary  Intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Enchondroma 
(►  Fig.  10.153; 

► Fig.  10.154) 

Lobulated  circumscribed  intramedullary  lesions,  which 
usually  have  low-intermediate  signal  on  T1  -weighted  imag- 
ing (T1WI)  and  intermediate  signal  on  proton  density- 
weighted  imaging  (PDWI).  On  T2-weighted  imaging  (T2WI) 
and  fat-suppiessed  (FS)  T2WI,  lesions  usually  have  pre- 
dominantly high  signal  with  foci  and/or  bands  of  low  signal 
representing  areas  of  matrix  mineralization  and  fibrous 
strands.  Lesions  typically  show  gadolinium  (Gd)-contrast 
enhancement  in  various  patherns  (peripheral  curvilinear 
lobular,  central  nodular/septal  and  peripheral  lobular,  or 
heterogeneous  diffuse). 

Benign  intramedullary  lesions  composed  of  hyaline  cartilage 
represent  approximately  10%  of  benign  bone  tumors. 
Enchondromas  can  be  solitary  (88%)  or  multiple  (12%). 
Median  age  - 35  years,  peak  in  third  and  fourth  decades. 

(continued  on  page  442) 
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Rg,  10,153  A 14-yeer-old 
girl  with  an  enchondroma 
In  the  epiphysis  of  die 
proximal  tibia,  wlildi  has 
kjw-irrtef  mediate  signal  on 
coronal  T1  -weighted 
Imaging  (T1  Wl)  (arrow)  (a) 
and  high  signal  on  sagittal 
fat-suppressed  (FS)  T2- 
welghted  imaging  (b).  The 
lesion  shows  peripheral 
lobular  gadolinium-con- 
trast enhancement  on  cor- 
onal F5  T1WI  (c),  The 
lesion  (arrow)  tontains 
chondrold  mineralization 
on  axial  computed  tomog- 
raphy (d). 


Fig,  10,154  A 39-year-old  woman  with  an  endiondroma  in  the  distal  femur,  which  tontains  diondioid  mineralization  (arrow)  (a).  The  lesion  has  low- 
inlermediate  signal  on  sagittal  proton  density-weighted  imaging  (b)  and  high  signal  on  sagittal  fat-suppressed  12-weighted  imaging  (c). 
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Table  10.7  (Cont.)  Solitary  Intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Giant  cell  tumor  of 
bone 

(►  Fig.  10.155) 

Often  well-defined  lesions  with  thin  low  signal  margins  on 
T1WI,  PDWI.  and  F2WI.  Solid  portions  of  giant  cell  tumors 
often  have  low  to  intermediate  signal  onTIWI  and  POWI, 
Intermediate  to  high  signal  on  T2WI,  and  high  signal  on  FS 
PDWI  and  FS  T2WI.  Zones  of  low  signal  on  T2W1  may  be 
seen  secondary  to  hemosiderin.  Aneurysmal  bone  cysts 
(ABCs)  can  be  seen  In  14%  of  giant  cell  tumors.  Areas  of 
oortical  thinning,  expansion,  and/or  destruction  can  occur 
with  extraosseous  extension.  Tumors  show  vaiying  degrees 
of  Gd-oontrast  enhancement. 

Aggressive  bone  tumors  composed  of  neoplastic  mono- 
nuclear cells  and  scattered  multinudeated  osteoclast  like 
giant  cells.  Account  for  23%  of  primary  nonmalignant  bone 
tumors  and  and  5 to  9%  of  all  primary  bone  tumors.  Median 
age-  30  years. 

Giant  cell  reparative 
granuloma 
(►  Fig.  10,156) 

Lesions  can  have  heterogeneous  low,  intermediate,  and/or 
high  signal  on  T1WI,  PDWI,  and  T2WI  as  well  as  peripheral 
rimllke  and  cental  Gd-contrast  enhancement  on  FS  T1WI. 
May  be  surrounded  by  poorly  defined  aone  of  high  signal  on 
FS  T2WI  and  Gd-contrast  enhancement  in  the  adjacent 
maoow. 

Giant  cell  reparative  granulomas  are  also  referred  to  as  solid 
ABCs.  Histological  appearance  resembles  brown  tumors. 

Chondioblastoma 
(►  Fig.  10.157) 

Tumors  offer)  have  fine  lobular  margins  and  typically  have 
low-lnteimedlate  heterogeneous  signal  on  T1WI  and  mtod 
low.  Inter  mediate,  and/or  high  signal  onTZWI.  Ares  of  low 
signal  on  T2WI  are  secondaiy  to  diondroid  matrix  mineral- 
ization and/or  hemosiderin.  Lobular,  marginal,  or  septal  Gd- 
contrast  enhancement  patterns  can  be  seen.  Poorly  defined 
aones  with  high  signal  on  T2W1  and  FS  T2WI  and 
corresponding  Gd-contrast  enhancement  are  typically  seen 

In  the  marrow  adjacent  to  the  lesions  representing 
inflammatory  reaction  from  prostaglandin  synthesis  by 
these  tumors. 

Benign  cartilaginous  tumors  with  diondioblast-like  cells  and 
areas  of  chondroid  matiix  fionnation,  usually  occur  in 
children  and  adolescents,  median- 17  years,  mean -16 
years  fo  r lesions  i n long  bones,  mean  = 28  years  in  other 
bones.  Most  cases  are  diagnosed  between  the  ages  of  5 and 
25  years. 

(continued  on  poge  AAA) 
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Fig.  10.156  A 33^year-old  woman  with  a 
giant  cell  granuloma  in  the  distal  femur, 
which  shows  gadollnlum-flontrast 
enhancement,  cortical  destruction,  and 
extraoweous  extension  on  coronal  (a)  and 
sagittal  fat-suppressed  T1  -weighted 
imaging  (b). 


Fig. 10. 157  A 13-year-old  girl  wftii  a chondroblastoma  Involving  the 
epiphysis  of  die  proximal  tibia.  The  lesion  has  mixed  high  and  low 
signal  with  thin  low  signal  margins  on  coronal  fat-suppressed  T2- 
weighted  Imaging.  Poorfy  defined  zones  with  high  signal  are  also  seen 
in  tire  adjacent  marrow. 
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Table  10.7  (Cont.)  Solitary  intramedullary  lesions  looted  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Chondromyxold 
fibroma 
(►  Fig.  10.158) 

lesions  are  often  sllghdy  lobulated  with  low -Intermediate 
signal  on  T1WI  and  heterogeneous  predominantly  high 
signal  on  12WI.  Magnetic  resonance  (MR)  signal  heteroge- 
neity on  T2WI  Is  related  to  the  proportions  of  myxoid, 
chondrold,  and  fibrous  components  within  die  lesions.  Thin 
low  signal  septa  on  TZW1  can  be  seen,  lesions  are 
surrounded  by  low  signal  borders  representing  thin  sclerotic 
reaction.  Edema  Is  not  typically  seen  in  adjacent  medullary 
bone,  lesions  show  prominent  diffuse  Gd-contrast 
enhancement 

Rare,  benign,  slow-growing  bone  lesions  that  contain 
diondrok),  myxoid,  and  fibrous  components.  Chondromyx- 
oid  fibromas  represent  2 to  4%  of  primary  benign  bone 
lesions,  and<  1%  of  primaiy  bone  lesions.  Most  chondro- 
myxold  fibromas  occur  between  die  ages  of  1 to  40  years, 
with  a median  of  17  years,  and  peak  inci  dence  in  the  second 
to  thlid  decades. 

Osteoblastoma 
(►  Fig.  10.159) 

Expansile  lesion  often  greater  than  1.5cm  in  dlamrter  wftii 
low-intermediate  signal  onTIWI  and  intermediate-high 
signal  on  T2WI  and  F5  T7W1,  typically  shows  Gd-contrast 
enhancement  Lesions  usually  have  poorly  defined  zones 
with  high  signal  on  TZVM  and  F5  T2WI  and  Gd-contrast 
enhancement  In  die  marrow  (edema,  Inf  lammatlon)  beyond 
zone  of  sclerosis  or  In  adjacent  soft  tissues  from  prosta- 
glandin synthesis  by  these  lesions. 

Rare  benign  bone-fbrmlng  neoplasm  (2%  of  bone  tumors) 
usually  occurs  at  age  6 to  30  years,  median  - 1 5 years. 

Intraosseous  lipoma 
(►  Fig.  10.160) 

lesions  can  have  heterogeneous  low,  Intermediate,  and/or 
high  signal  on  T1WL  PDW1,  and  T2WI  as  well  as  peripheral 
rimlike  and  central  Gd-contrast  enhancement  on  FS  T1WI. 

Uncommon  benign  hamartomas  composed  of  mature  white 
adipose  tissue  without  cellular  atypia.  Osseous  or  chondrold 
metaplasia  with  myxoid  changes  can  be  associated  with 
lipomas.  Account  for  approximately  0.1%  of  bone  tumors; 
likely  underreported. 

Geode/subchondral 
degenerative  cyst 
(►  Fig.  10.161) 

Typically  have  sharply  defined  margins  and  contain  low 
signal  on  T1WI,  low-intermediate  signal  on  PDW1,  and 
homogeneous  high  signal  on  T2WI.  Poorly  defined  aones  of 
Gd-contrast  enhancement  can  be  seen  in  the  marrow 
adjacent  to  die  subchondral  cysts  on  F5  T1WI. 

A geode  or  subchondral  cyst  Is  a cystic  lesion  located  near 
the  end  of  a long  bone  where  there  are  changes  of 
degenerative  osteoarthropathy.  Lesions  can  result  from 
synovial  fluid  Intrusion  and/or  bony  contusion  In  the  setting 
of  degenerative  joint  disease. 

(continued  on  page  446) 


Fig.  10.1 58  A M-yearold  manwtth  a diondnomyxold  fibroma  Involving  die  first  metatarsal  bead.  The  lesion  has  circumscribed  low  signal  margins  and 
contains  Intermediate  signal  on  aononal  T1  -weighted  imaging  (T1WI)  (a)  and  high  signal  on  eoronal  fat-suppressed  (F5)  T2- weighted  Imaging  (b).  The 
lesion  shows  Gd-contiast  enhancement  on  coronal  FS  T1WI  (c). 


Fig.  10.159  A 24-yeanold  man  with 
an  osteoblastoma  In  die  distal  dbla. 
The  lesion  (arrow)  is  associated  with 
•ordeal  thinning  and  expansion  and 
has  low-intermediate  signal  on  sag- 
ittal proto  density-weighted 
imaging  (a)  and  heterogeneous 
high  and  low  signal  on  sagittal  fat- 
suppressed  T2-weighled  imaging 
(FS  12WI)  (b).  Poorly  defined  high 
signal  on  FS  T2WI  Is  also  seen  in  the 
manow  adjacent  to  the  lesion. 


Lesions  Involving  Bones 


Ffg.10.lG0  A 74-year-old  man  with  an  intraosseous  lipoma  in  the 
distal  portion  of  the  femur  (arrow),  which  has  high  signal  peripherally 
surrounding  a central  aone  with  Intermediate  and  low  signal  from 
cystic  degeneiation  and  dystrophic  calcifications  on  proton  density- 
weighted  imaging. 


Rg.  10.161  A 50-yw-old  man  witfi  a geode  or  degeneradve-arthrltlc-subchondral  cyst  In  the  proximal  lateral  tibia  beneath  a degenerated  lateral 
meniscus  and  disrupted  hyaline  artilage.  The  lesion  (arrow)  has  circumscribed  margins  and  contains  high  signal  centrally  on  coronal  (a)  and  sagittal 
fat-suppressed  T2-welghted  Imaging  (b). 


445 


Lesions  Involving  Bones 


Table  10.7  (Cont.)  Solitary  Intramedullary  lesions  looted  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Intraosseous  ganglion 
(►  Fig.  10.162) 

Can  have  round,  oval,  or  serpiginous  eonflgurations  with 
sharply  defined  margins.  These  lesions  typically  sontain  low 
signal  on  T1WI,  low-intermediate  signal  on  PDWI,  and  high 
signal  on  T2WI. 

Benign  cystic-llbe  lesion  usually  located  at  or  near  die  ends 
of  long  bones  and  not  associated  with  degenerative  osteo- 
arthropathy. Lesions  can  result  from  intraosseous  extension 
from  a ganglion  In  die  soft  tissues  or  from  Intraosseous 
mucoid  degeneration,  synovial  rests,  or  synovial  intrusion. 

Intraosseous  extension 
of  Inf  lammatoiy  syno- 
vium/pannus 
(►  Rg.  10.163) 

Hypertrophied  synovium  can  be  diffuse,  nodular,  and/or 
vfllous.  Often  has  low  to  Intermediate  or  intermediate  signal 
on  T1WI  and  PDWI  and  low  to  intermediate,  intermediate, 
and/or  slightly  high  to  high  signal  onT2WI.  Erosive  changes 
In  subchondral  bone  appear  as  aones  of  low  signal  on  T1WI 
and  high  signal  onTZWI.  Gd-eontiast  enhancement  is  often 
seen  within  die  erosions. 

inflammatory  synovitis  associated  with  rheumatoid  ardnltls 
can  result  In  progressive  destruction  of  cartilage  and  cortical 
bone  leading  with  intraosseous  extension  and  trabecular 
destitution.  Prevalence  ranges  from  03  to  2.1  % of  die  world 
population;  BOX  of  adult  patients  present  between  the  ages 
of  35  and  50.  Incidence  of  juvenile  rheumatoid  arthritis  (JRA) 
ranges  from  6 to  19.6  cases  per  100,000.  Patients  witii  JRA 
range  in  age  from  5 to  16  years,  mean  - 10.2  years. 

Intraosseous  calcific 
tendlnopathy 
(►  Fig.  10.164) 

Zones  witii  slightly  high  and  low  signal  on!2WI  and  F5T2WI 
ane  seen  In  tendons  with  or  wltiiout  erosion  of  bone  eorlex. 
Intramedullary  zones  with  mixed  low,  Intermediate,  and/or 
high  signal  on  T2WI  and  FS  T2W!  may  be  seen  in  die 
adjacent  marrow. 

Degeneiative  disorder  with  amorphous  calcifications  in 
tendons  or  bursa  associated  wftii  erosion  of  adjacent  bone 
eortex,  with  or  without  marrow  Invasion.  Most  common  in 
humerus  and  lemur  in  patients  aged  16  to  82  years, 
average-  50  years. 

(continued  on  page  448) 
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Fig.  10.163  A 71-year-old  man  with  pannus  eroding  Into  die  distal  radius  resulting  In  destruction  of  trabecular  bone  and  an  Intraosseous  cystilke 
lesion.  The  Intraosseous  lesion  has  Intermediate  signal  on  aononal  Tl-weighted  Imaging  fTTWI)  (a)  and  heterogeneous  high  signal  on  aononal  T2- 
weighled  imaging  (b).  Gadolinium-contrast  enhancement  is  seen  at  die  margins  of  the  intraosseous  lesion  on  coronal  fat-suppressed  T1WI  (c)  as  well 
as  In  the  hypertrophied  synovium  in  the  wrist  Abo  seen  Is  destruction  of  hyaline  cartilage  at  the  carpal  bones  and  distal  ulna. 


Fig.  10.164  A 57-year-olld 
woman  with  intraosseous 
calcific  tendlnopatiiy  in  the 
humerus.  Calcification  is 
seen  in  the  rotator  cuff 
near  the  insertion  site 
associated  with  an  intra- 
osseous zone  of  increased 
attenuation  (arrow)  on 
anteroposterior  radiograph 
(a).  Coional  proton  den- 
sity-weighted imaging  (b) 
shows  a circumscribed 
intraosseous  zone  witii  low 
and  intermediate  signal 
beneath  a aone  of  eortlcal 
disruption.  The  intraoss- 
eous lesion  has  mixed  high 
and  low  signal  on  eononal 
fat-suppresed  (FS)  T2- 
weighted  imaging  (c)r  as 
well  as  a poorly  defined 
aone  witii  high  T2  signal  in 
tile  adjacent  marrow.  The 
intraosseous  lesion  shows 
marginal  Gd-contrast 
enhancement  surrounding 
tile  circumscribed  lesion, 
and  a poorly  defined  aone 
of  contrast  enhancement  is 
seen  in  the  adjacent  bone 
marrow  on  FS  Tl-welghted 
imaging  (d). 
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Table  10.7  (Cent.)  Solitary  intramedullary  lesions  looted  near  the  ends  of  tubular  bones 

Abnormalities 

MRI  findings 

Comments 

Fracture 
(►  Fig.  10.165) 

Acute/subacute  fractures  typically  have  abnormal  marrow 
signal  (usually  low  signal  on  T1WI,  high  signal  on  T2WI  and 
FS  T2WI).  Gd-contrast  enhancement  is  typically  seen  in  tile 
postfracture  period.  Angulated  aortlcal  margins  and  perios- 
teal high  signal  on  F5  TZWI  can  be  seen  with  traumatic 
fractures.  A curvilinear  zone  of  low  signal  on  12WI  and  F5 
T2WI  may  be  seen  within  die  marrow  edema  In  stress 
fractures. 

Can  result  from  trauma,  primary  bone  tumors/leslons, 
metastatic  disease,  bone  infarcts  (steroids,  chemotherapy, 
and  radiation  treatment),  osteoporosis,  osteomalada, 
metabolic  (calcium/  phosphate)  disorders,  vitamin  deficien- 
cies, Paget  disease,  and  genetic  disorders  (e.g..  osteogenesis 
Imperfecta). 

Bone  contusion 
(►  Fig.  10.166) 

Contusions  usually  appear  as  poorly  defined  Intramedullary 
zones  with  low-intermediate  signal  on  T1WI  and  high  signal 
on  FS  TZWI.  and  corresponding  Cd-contrast  enhancement. 
Adjacent  cortical  margins  are  typically  Intact. 

Also  referred  to  as  bone  bruises,  contusions  represent 
trabecular  mkrofractures  without  cortical  fracture.  In  die 
knee,  contusions  at  die  lateral  femoral  condyle  and 
posterolateral  proximal  tibia  are  commonly  associated  witii 
Injuries  to  the  anterior  cruciate  ligament. 

Osteochondritis  disse- 
cans 

(►  Fig.  10.167) 

Subchondral  lesions  in  marrow  ranging  from  1 to  3 an  with 
low-intermediate  signal  on  T1WI  and  T2WI.  Small  inaegular 
zones  with  slightly  high  to  high  signal  may  be  seen  with  FS 
T2WI.  A linear  zone  with  high  signal  on  72WI  along  tile 
margins  can  represent  tracking  of  synovial  fluid  from  a 
defect  in  the  overlying  hyaline  cartilage  and  Is  associated 
with  an  increased  risk  of  fragmentation  and  separation. 

Osteochondrosis  in  which  there  is  localized  necrosis  followed 
by  reosslfkatlon  and  healing  unless  there  Is  osteochondral 
fragmentation  and  separation.  Lesions  commonly  occur  at 
the  lateral  surface  of  the  medial  femoral  condyle  as  well  as 
the  capitellum.  talar  dome,  and  femoral  head. 

Bone  Infarct 
(►  Fig.  10.168) 

A double-line  sign  (curvilinear  adjacent  zones  of  low  and 
high  signal  on  T2W1)  is  commonly  seen  at  die  edges  of  the 
infarcts  representing  tile  borders  of  osseous  resorption  and 
healing.  Irregular  Gd-contrast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth. 

Zones  of  ischemic  death  involving  bone  trabeculae  and 
marrow,  which  can  be  idiopathic  or  result  from  trauma, 
corticosteroid  treatment,  chemotherapy,  radiation  treat- 
ment, oedusive  vascular  disease,  collagen  vascular  and  other 
autoimmune  diseases,  metabolic  storage  diseoes  (e.g.. 
Gaudier  disease),  siclde  cell  disese,  thalassemia,  hyperbaric 
events/Calsson  disease,  pregnancy,  alcohol  abuse,  pancrea- 
titis, infections,  and  lyinphoproliferative  diseoes. 

(continued  on  page  450) 


Fig.  10.165  A 20-year-old  man 
with  a traumatic  fracture  of  the 
tibia!  plateau  is  seen  on  lateral 
radiograph  (a).  Cortical  dis- 
continuity and  subjacent  poorly 
defined  zones  of  high  signal  In 
die  marrow  are  seen  on  sagittal 
fat-suppressed  12-weighted 
imaging  (b). 
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Fig.  10.167  Osteochondritis  disse- 
cans involving  the  lateral  aspect  of 
the  medial  femoral  aondyle  In  a 12- 
yaar-old  boy,  which  Is  seen  as  a 
poorly  defined  zone  of  low-inter- 
mediate signal  In  the  subchondral 
marrow  (arrow)  on  coronal  proton 
density-weighted  imaging  (a)  and 
high  signal  (arrow)  on  aoronai  fat- 
sup  pressed  T2  weighted  Imaging 
(b). 


Fig.  10.168  A 49-year-old  woman  with  a bone  infarct  in  the  distal  femur  as  seen  on  sagittal  proton  density-weighted  imaging  (a)  and  sagittal  (b)  and 
axial  fat-suppressed  12-weighbed  imaging  (c). 
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Table  10.7  (Cont.)  Solitary  Intramedullary  lesions  looted  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Transient  bone  manow 
edema  (acute  bone 
manow  edema  syn- 
dromes [aBMEs],  tran- 
sient osteoporosis  of 
die  hip,  regional 
mlgratoiy  osteo- 
porosis) 

Fig.  10.169) 

Poorly  defined  zones  with  low-intermediate  signal  on  T1WI 
and  high  signal  on  FS  T2WI  and  short  T1  inversion  recovery 
(STIR)  are  seen  in  the  marrow  of  die  proximal  hip  (femoral 
head  and  neck).  Ihe  signal  abnormalities  may  spare  die 
subchondral  manow.  Magnetic  resonance  imaging  (MRI) 
findings  can  be  seen  within  48  hours  of  the  onset  of 
symptoms.  Joint  effusions  may  be  present,  With  dynamic 
Cd-contrast  administration,  delayed  peak  enhancement  can 
be  seen  with  aBME. 

Idiopathic  spontaneous  process  with  transient  edema  in 
bone  manow  that  is  not  secondary  to  trauma  and  may  or 
may  not  be  associated  with  osteoporosis.  aBME  frequently 
Involves  the  proximal  femur  In  men  between  30  and  50  years 
and  women  in  the  last  trimester  of  pregnancy. 

Osteomyelitis 
( Fig.  10.170) 

in  acute  osteomyelitis,  poorly  defined  2ones  of  low  or  low- 
intermediate  signal  on  T1WI  and  high  signal  on  T2WI,  STIR, 
and  FS  T2WI  are  seen  in  the  manow.  Loss  of  definition  of  the 
low  signal  line  of  the  cortical  margins  Is  often  observed  on 
T1WI,  T2WI,  STIR,  and  FS  T2W1.  After  Gd-contiast  adminis- 
tration, irregular  zones  of  contrast  enhancement  are  seen  In 
the  Involved  marrow  on  FS  T1WI.  in  the  subacute  phase  of 
osteomyelitis,  the  pyogenic  process  becomes  more  local- 
ized. The  zone  of  tr  ansition  between  normal  and  abnormal 
bone  Is  sharper  and  more  well  defined  in  subacute  and 
chronic  osteomyelitis  than  with  acute  osteomyelitis. 

Infection  of  bone,  which  can  result  from  hematogenous 
spread  of  miao-oiganisms  as  well  as  from  trauma-direct 
inoculation,  extension  from  adjacent  tissues,  and  complica- 
tions from  surgery.  Bacteria  such  as  ^sfphykxsxxus  aumss 
and  Streptococcus  pyogenes  are  the  most  common  Infectious 
organisms.  Can  also  result  from  other  bacteria  as  well  as 
tuberculosis,  fungi,  parasites,  and  viruses. 

Eosinophilic  granuloma 
(►  Fig.  10.171) 

Intramedullaiy  lesions  associated  with  trabecular  and  corti- 
cal bone  destiuction,  which  typically  have  low-intermediate 
signal  onTIWI  and  PDWI  and  heterogeneous  slightly  high  to 
high  signal  on  12WI.  Poorly  defined  zones  of  high  signal  on 
T2WI  are  usually  seen  in  the  manow  peripheral  to  the 
lesions  secondary  to  inflammatory  changes.  Extension  of 
lesions  from  the  manow  into  adjacent  soft  tissues  through 
areas  of  cortical  disruption  are  commonly  seen  as  well  as 
linear  periosteal  zones  of  high  signal  on  T2WI.  Lesions 
typically  show  prominent  Gd-contiast  enhancement  in 
manow  and  In  extraosseous  soft  tissue  portions  of  tire 
lesions. 

Benign  tumor-like  lesions  consisting  of  Langeihans  cells 
(histiocytes),  and  variable  amounts  of  lymphocytes,  poly- 
morphonuclear cells,  and  eosinophils.  Acnrunt  for  1%  of 
primary  bone  lesions  and  8%  of  tumor-like  lesions.  Occur  in 
patients  with  median  age- 10  years,  average  - 13.5  years, 
peak  Inddenee  Is  between  5 and  1 0 years;  80  to  85%  occur  In 
patients  less  than  30  years. 

Malignant  lesions 

Metastatic  lesion 

Single  or  multiple  well-drcumscribed  or  poorly  defined 
infiltrative  lesions  involving  manow  associated  with  cortical 
destruction  and  extraosseous  extension.  Lesions  often 
have  low-intermediate  signal  onTIWI  and  low,  intermediate, 
and/or  high  signal  on  T2WI  and  FS  T1WI;  usually  show 
Gd-contrast  enhancement  Pathological  fractures  can  be 
aoobated  with  metastatic  lesions  involving  tubular  bones 
and  verts  brae.  Periosteal  reaction  is  uncommon. 

Metastatic  lesions  typically  occur  in  die  marrow  with  or 
without  cortical  destruction  and  extraosseous  tumor  exten- 
sion. 

Plasmacytoma 
(►  Fig.  10.172) 

Well-circumsalbed  or  poorly  defined  Infiltrative  lesions 
involving  manow,  iowintennediate  signal  on  T1WI,  inter- 
mediate-high signal  on  T2WI  and  FS  T2WI;  usually  show  Gd- 
contrast -enhancement,  eventual  cortical  bone  destruction, 
and  extraosseous  extension. 

Malignant  tumors  composed  of  proliferating  antibody- 
seaeting  plasma  cells  derived  from  single  dones.  Most 
common  primary  neoplasm  of  bone  in  adults,  median -60 
years.  Most  patients  are  older  than  40  years.  May  have 
variable  destructive  or  Infiltrative  changes  involving  tire  axial 
and/or  appendicular  skeleton. 

(continued  on  poge  452) 
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Fig.  10.169  A 51 -year-old  man  with  hip  pain  and  magnetic  resonance  imaging  showing  acute  bone  marrow  edema  with  a poorly  defined  zone  with 
low-intermediate  signal  In  die  marrow  of  die  proximal  femur  on  coronal  Tl-weighted  Imaging  (T1WI)  (a)  with  corresponding  high  signal  on  coronal 
fat-suppressed  12-welghted  imaging  (b).  The  abnormal  manow  signal  resolved  2 montits  later  as  seen  on  coronal  T1WI  (c). 


Lesions  Involving  Bones 


FTg.  10.170  An  1 1-year-old  boy  with  septic  arthritis  and  pyogenic  osteomyelitis  from  Stophybmcrus  aureus  involving  the  marrow  of  the  femoral 
epiphysis.  A poorly  defined  zone  of  intermediate  signal  is  seen  in  the  epiphyseal  marrow  on  coronal  Tl-weighted  imaging  (T1WI)  (a)  with 
corresponding  high  signal  on  coronal  fat-suppressed  (FS)  12 -weighted  Imaging  (b).  Abnormal  gadollnlum-contiast  enhancement  is  seen  In  the 
marrow  on  coronal  FS  T1  Wl  (c)  as  well  as  along  the  margins  of  the  septic  joint  collection. 


Fig.  1 0.171  A 5-yaar-old  boywidi  an  eosinophilic 
granuloma  Involving  the  distal  humerus.  The 
lesion  In  the  marrow  is  associated  wldi  cortical 
destruction  and  extraosseous  extension  into  the 
adjacent  soft  tissues  (arrows)  as  seen  on  sagittal 
gadolinium-contrast  enhanced  Tl-welghted 
imaging  (a)  and  axial  proton  density-weighted 
Imaging  (b). 


a 


Ftg.  10.172  A 77-year-old  woman  with  a plasmacytoma  Involving  the  marrow  of  the  proximal  dbfa,  which  has  low-lnfcemnedlate  signal  on  coronal  Tl- 
welghted  imaging  (T1  Wl)  (a)  and  high  signal  on  coronal  fat-suppressed  (FS)  T2- weighted  Imaging  (b).  The  tumor  shows  Gd-contiast  enhancement  on 
sagittal  FS  T1WI  (c)  and  extends  through  destroyed  bone  cortex  into  the  adjacent  soft  tissues. 
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Table  10.7  (Cont)  Solitary  intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Lymphoma 
(i  Fig.  10.173) 

Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin  disease  (HD) 
within  bone  typically  appears  as  single  or  multifocal  poorly 
defined  or  circumscribed  intramedullaiy  zones  with  low- 
intermediate  signal  on  T1WI;  intermediate,  slightly  high, 
and/or  high  signal  on  T2WI;  and  high  signal  on  F5  T2WI; 
often  show  Gd-contrast  enhancement.  Zones  of  cortical 
destruction  may  oecur  associated  with  extraosseous  soft 
tissue  extension. 

Lymphoid  tumors  with  neoplastic  cells  typically  within 
lymphoid  tissue  (lymph  nodes  and  reticuloendothelial 
organs).  Unlike  leukemia,  lymphoma  usually  arises  as 
discrete  masses.  Lymphomas  are  subdivided  into  HD  and 
NHL.  Almost  all  primary  lymphomas  of  bone  are  B-cell  NHL. 
HD,  mean  age-32  years.  Osseous  NHL,  median-35  years. 

Leukemia 

Single  or  multiple  well-circumscribed  or  poorly  defined 
infiltrative  lesions  involving  marrow;  low-intermediate  signal 
on  T1WI,  intermediate-high  signal  on  T2WI  and  FS  T2WI; 
often  shows  Gd-aontrast  enhancement,  ± •ortical  bone 
destruction  and  extraosseous  extension. 

Malignant  lymphoid  neoplasms  with  involvement  of  bone 
marrow  as  well  as  tumor  cells  also  in  peripheral  blood. 

Chondrosarcoma 
(i  Fig.  10.174) 

Intramedullary  tumors  often  have  low-intermediate  signal 
on  T1WI,  intermediate  signal  on  PDWI,  and  heterogeneous 
intermediate-high  signal  on  T2WI.  Lesions  usually  show 
heterogeneous  contrast  enhanaement 

Malignant  tumors  containing  cartilage  formed  within  sar- 
comatous stroma.  Account  fori  2 to  21%  of  malignant  bone 
lesions,  21  to  26%  of  primary  sarcomas  of  bone.Mean 
age -40  years,  median -26  to  59  years.  Clear  cell  chon- 
drosarcomas are  commonly  located  near  the  ends  of  long 
bones. 

(continued  on  page  454) 
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Fig.  10.173  A 32-year-old  woman  with  large 
B<ell  non-Hodgkin  lymphoma  involving  the 
marrow  of  the  proximal  tibia  seen  as  diffuse 
high  signal  on  sagittal  (a)  and  coronal  fot- 
suppressed  T2-weighted  imaging  (b). 


Flg.10.174  A 44-year-old  woman  with  a 
chondrosarcoma  In  die  marrow  of  the  distal 
tibia  associated  with  cortical  destruction  and 
extraosseous  extension  of  tumor,  the  tumor 
has  high  signal  on  coronal  fat-suppressed 
(FS)  12-weighted  Imaging  (a)  and  shows 
peripheral  lobular  Cd-conhast  enhancement 
on  FS  T1- weighted  Imaging  (b).  Tumor 
extends  through  the  bone  cortex  Into  the 
extraosseous  soft  tissues. 
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Table  10.7  (Cont)  Solitary  intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Osteosarcoma 
(►  Fig.  10.175) 

Destructive  intramedullary  malignant  lesions,  low-interme- 
diate signal  onTI  Wl;  mixed  low,  intermediate,  high  signal  on 
T2WI,  usually  with  matrix  mineralization/  ossification-low 
signal  on  T2WI;  usually  show  Gd-contrast  enhancement 
(usually  heterogeneous).  Zones  of  cortical  destruction  are 
typically  seen  through  which  tumors  extend  into  the 
extraosseous  soft  tissues  under  an  elevated  periosteum, 
l amellated  and/or  spiculated  zones  of  bone  foimation  can 
occur  under  the  periosteal  elevation  secondary  to  tumor 
invasion  and  perforation  of  bone  cortex. 

Malignant  tumor  composed  of  proliferating  neoplastic 
spindle  cells,  which  produce  osteoid  and/or  immature 
tumoral  bone  and  which  most  frequently  arise  within 
medullary  bone.  Two  age  peaks  of  incidence.  The  larger  peak 
occurs  between  the  ages  of  1 0 and  20  and  accounts  for  over 
half  of  the  cases.  The  second  smaller  peak  occurs  in  adults 
over  60  years  and  accounts  for  approximately  10%  of  the 
cases. 

Ewing  samoma 
(►  Fig.  10.176) 

Destructive  malignant  lesions  involving  marrow,  low- 
intermediate  signal  on  T1WI;  mixed  low,  intermediate,  and/ 
or  high  signal  on  T2WI  and  FS  T2WI;  usually  shows  Gd- 
contrast  enhancement  (usually  heterogeneous).  Extraoss- 
eous tumor  extension  through  sites  of  aortical  destruction  is 
commonly  seen  beneath  an  elevated  periosteum.  Thin 
stiiated  zones  of  low  signal  onT2WI  can  sometimes  be  seen 
oriented  perpendicular  to  the  long  axis  of  the  involved  bone 
under  the  elevated  periosteum  representing  the  hair  on  end 
appearance  of  reactive  bone  formation  secondary  to  the 
tumor.  In  long  bones,  tumors  are  most  often  located  in  the 
diaphyseal  region,  followed  by  the  metadiaphyseal  region. 

Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  sells  with  round  nuclei.  Accounts  for  6 
to  1 1%  of  primaiy  malignant  bone  tumors,  5 to  7%  of 
primary  bone  tumors.  Usually  occurs  between  the  ages  of  5 
and  30,  males > females,  locally  invasive,  high  metastatic 
potential. 

(continued  on  page  456) 
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FTg.  10.175  A 16-year-old  girl  with  osteosarcoma  in  the  distal  femur  associated  with  malignant  osteoid  mineralization  (a).  The  tumor  has  low- 
intermediate  signal  on  coronal  T1 -weighted  Imaging  (b)  and  has  heterogeneous  slightly  high  signal  on  coronal  fat-suppressed  T2- weighted  imaging 
(c).  The  tumor  Is  assorted  with  cortical  bone  destruction  and  extraosseous  extension. 
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Table  10.7  (Cont)  Solitary  intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Malignant  giant  cell 
tumor  of  bone 
(►  Fig.  10.177) 

Well-defined  lesions  with  or  without  thin  low  signal  margins 
on  T1WI  and  T2WI.  Solid  portions  of  giant  cell  tumors  often 
have  low  to  intermediate  signal  on  T1  Wl  and  PDWI, 
intermediate  to  high  signal  on  T2WI,  and  high  signal  on  FS 
PDWI  and  F5  T2WI.  Signal  heterogeneity  on  T2WI  is  not 
uncommon.  Aneurysmal  bone  cysts  are  seen  with  14%  of 
giant  cell  tumors.  Lesions  show  mild  to  prominent  variable 
and  often  heterogeneous  Gd-contrast  enhancement  Corti- 
cal destruction  and  extraosseous  tumor  extension  are 
frequently  seen. 

Aggressive  bone  tumors  composed  of  neoplastic  ovoid 
mononuclear  cells  and  scattered  multinudeated  osteoclast- 
like giant  cells.  Up  to  10%  of  all  giant  cell  tumors  are 
malignant.  Benign  giant  cell  tumors  account  for  approxi- 
mately 5 to  9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell  tumors  occur  in 
patients  between  the  ages  of  1 5 and  45  years. 

Fibrosarcoma 

Intiamedullary  lesions  with  irregular  margins,  with  or 
without  associated  cortical  destruction  and/or  extraosseous 
softtissue  masses.  Lesions  usually  have  low-intermediate 
signal  on  T1  Wl  and  PDWI  and  heterogeneous  inteimediate, 
slightly  high,  and/or  high  signal  on  T2WI.  Lesions  usually 
show  heterogeneous  Gd-contrast  enhancement. 

Uncommon  malignant  tumors  consisting  of  bundles  of 
neoplastic  fibroblashs/spindle  cells  with  varying  proportions 
of  collagen,  lacking  other  tissue-difFerentiating  features  such 
as  tumor  bone,  osteoid,  or  cartilage.  Can  be  primary  lesions 
(75%)  or  arise  as  secondary  tumors  (25%)  associated  with 
prior  irradiation,  Paget  disease,  bone  infarct,  chronic  osteo- 
myelitis, fibrous  dysplasia,  giant  cell  tumor.  Accounts  for  3 to 
5%  of  primary  malignant  bone  tumors  and  2 to  4%  of  all 
bone  tumors.  Median  age =43  years. 

Malignant  fibrous  his- 
tiocytoma 

Intramedullary  lesions  with  irregular  margins  with  zones  of 
cortical  destruction  and  extraosseous  extension.  Tumors 
often  have  low-intermediate  signal  on  T1WI,  low-interme- 
diate signal  on  PDWI,  and  heterogeneous  intermediate-high 
signal  on  T2WI  and  FS  T2WI.  Invasion  into  Joints  occurs  in 
30%.  May  be  associated  with  other  bone  infarcts,  bone  cysts, 
chronic  osteomyelitis,  Paget  disease,  and  other  treated 
piimaiy  bone  tumors.  Lesions  usually  show  heterogeneous 
Gd-contrast  prominent  enhancement. 

Malignant  tumor  involving  soft  tissue  and  rarely  bone 
derived  from  undifferentiated  mesenchymal  cells.  Contains 
cells  with  limited  cellular  differentiation  such  as  mixtures  of 
fibroblasts,  myofibroblasts,  histiocyte-like  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for  1 to  5%  of 
primary  malignant  bone  tumors  and  < 1 % to  3%  of  all  primary 
bone  tumors.  Patient  ages  range  from  1 1 to  80  years, 
median  = 48  years,  mean  = 55  years. 

Hemangioendothe- 

lioma 

(►  Fig.  10.178) 

Intiamedullary  tumors,  which  often  have  low-intermediate 
and/or  high  signal  on  T1WI  and  heterogeneous  intermedi- 
ate-high signal  on  T2WI  and  FS  T2WI  with  or  without  zones 
of  low  signal.  Cortical  expansion  with  or  without  extraoss- 
eous extension  of  tumor  through  zones  of  cortical  destruc- 
tion can  occur.  Lesions  often  show  prominent 
heterogeneous  Gd-contrast  enhancement. 

Low-grade  vasoformative/endothelial  malignant  neoplasms, 
which  are  locally  aggressive  and  rarely  metastasize,  com- 
pared with  the  high-grade  endothelial  tumors  such  as 
angiosarcoma.  Account  for  less  than  1 % of  primaiy  malig- 
nant bone  tumors.  Patients  range  from  1 0 to  82  years, 
median  = 36  to  47  years.  Patients  with  multifocal  lesions 
tend  to  be  approximately  10  years  younger  on  average  than 
those  with  unifocal  tumors. 
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Fig.10.178  A 19-year-old  man  with  hemangioendothelioma  involving 
die  distal  tibia  wtth  aortical  disruption  and  tumor  extension  into  the 
anlde  Joint  as  seen  on  sagittal  T2 -weighted  imaging  (arrows). 
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10.8  Solitary  Intramedullary 
Metadiaphyseal  Lesions 

• Nonmalignant  lesions 
o Nonossifying  fibroma 
o Enchondroma 
o Unicameral  bone  cyst  (UBC) 
o Aneurysmal  bone  cyst  (ABC) 
o Giant  cell  tumor  (prior  to  physeal  plate  closure) 
o Giant  cell  reparative  granuloma 
o Chondromyxoid  fibroma 
° Hemangioma 
o Intraosseous  lipoma 
o Fibrous  dysplasia 


o Liposclerosing  myxofibrous  tumor 
o Stress  fracture 
o Bone  infarct 
o Eosinophilic  granuloma 
o Osteomyelitis 
• Malignant  lesions 
o Metastatic  lesion 
o Plasmacytoma/myeloma 
o Lymphoma 
o Osteosarcoma 
o Ewing  sarcoma 
o Chondrosarcoma 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 


Table  10.8  Solitary  Intramedullary  metadiaphyseal  lesions 

Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Nonossifying  fibroma 
(►  Fig.  10.179) 

Well-circumsciibed  ecaentric  intramedullary  lesions  in  the 
dimetaphyseal  regions  of  long  bones,  which  have  mixed 
low-intermediate  signal  on  T1  -weighted  imaging  (TIWi)  and 
mixed  low,  intermediate,  and/or  high  signal  on  T2-weighted 
imaging  (T2WI),  proton  density-weighted  imaging  (PDWI), 
and  fat-suppressed  (FS)  72WI.  Zones  of  low  signal  on  TIWI, 
PDWI,  and  T2WI  can  be  seen  in  the  central  portions  of  the 
lesions.  Zones  with  varying  thickness  of  low  signal  on  TIWI, 
PDWI,  and  T2WI  are  seen  at  the  margins  of  the  lesions 
representing  bone  sclerosis.  Internai  septations  are  com- 
monly seen  as  aones  of  low  signal  on  T2WI  in  these  lesions. 
Lesions  can  show  gadolinium  (Gd)-contrast  enhancement 
(heterogeneous  > homogeneous  patterns). 

Common  benign  fibrohistiocytic  lesions  in  the  metaphyseal 
portions  of  long  bones,  which  are  composed  of  whorls  of 
fibroblastic  cells  combined  with  smaller  amounts  of  multi- 
nucleated  giant  cells  and  xanthomatous  cells.  Usually 
asymptomatic,  95%  occur  between  the  ages  of  5 and  20, 
median  = 14  years. 

Enchondroma 
(►  Fig.  10.180) 

Lobulated  intramedullary  lesions  with  well-defined  borders, 
mean  size=5cm.  Lesions  usually  have  low-intermediate 
signal  on  TIWI  and  intermediate  signal  on  PDWI.  On  T2WI 
and  FS  T2WI,  lesions  usually  have  predominantly  high  signal 
with  foci  and/or  bands  of  low  signal  representing  areas  of 
matrix  mineralization  and  fibrous  strands.  Lesions  typically 
show  Gd-contrast  enhancement  in  various  patterns 
(peripheral  curvilinear  lobular,  central  nodular/septal,  and 
peripheral  lobular). 

Benign  intramedullary  lesions  composed  of  hyaline  cartilage, 
represent  approximately  10%  of  benign  bone  tumors. 
Enchondromas  can  be  solitary  (88%)  or  multiple  (12%). 
Median  age  = 35  years,  peak  in  third  and  fourth  decades. 

(continued  on  page  460) 
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Rg.  10.179  A IS-year-old  girl  with  a nonossifying  fibroma  In  the  dorsal  proximal  tibia  (arrow),  which  has  a thin  peripheral  rim  of  low  signal 
surrounding  a central  aone  with  low-intermediate  signal  on  sagittal  Tl-weighted  imaging  (T1WI)  (a)  and  mixed  low  and  high  signal  on  fat-suppressed 
(FS)  12-weighted  imaging  (b).  The  lesion  shows  thin  marginal  and  central  gadolinium-contrast  enhancement  on  sagittal  FS  T1WI  (c). 


F1g.10.1B0  A46-year-old 
man  with  an  enchondroma 
in  the  metadiaphysaal  por- 
tion of  the  proximal 
humerus,  which  has  chon- 
droid  mineralization 
(aiTow)  on  anteroposterior 
radiograph  (a).  The  lesion 
has  predominantly  inter- 
mediate signal  on  coronal 
proton  density-weighted 
imaging  (b)  and  high  signal 
on  fat-supprcued  (FS)  T2- 
weighted  Imaging  (c)  as 
well  as  zones  of  low  signal 
corresponding  to  mineral* 
teed  chondrold  matitx.  The 
lesion  shows  peripheral 
lobular  contrast  enhance- 
ment on  aoronal  FS  T1- 
weighted  imaging  (d). 
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Table  10.8  (Cont.)  Solitary  intramedullary  metadiaphyseal  lesions 

Abnormalities 

MRI  findings 

Comments 

Unicameral  bone  cyst 
(UBQ 

( Fig.  10.181) 

UBCs  often  have  a peripheral  rim  of  low  signal  onTI  Wl  and 
12WI  adjacent  to  normal  medullaiy  bone.  UBCs  usually 
contain  fluid  with  low  to  low-intermediate  signal  on  T1WI 
and  low-intermediate  and  high  signal  on  T2WI.  Fluid-fluid 
levels  may  occur.  For  UBCs  without  pathological  fracture, 
thin  peripheral  Gd-contrast  enhancement  can  be  seen  at  the 
margins  of  lesions.  UBCs  with  pathological  fiacture  can  have 
heterogeneous  or  homogeneous  lowinter mediate  or 
slightly  high  signal  on  T1WI,  and  heterogeneous  or 
homogeneous  high  signal  on12W1  and  FS  T2WI.  UBCs 
complicated  by  fiacbire  can  have  Internal  septations  and 
fluid-fluid  levels,  as  well  as  irregular  peripheral  Gd-contrast 
enhancement  and  at  Internal  septations. 

Intramedullaiy  nonneoplastic  cavities  filled  with  serous  or 
serosanguinous  fluid.  Account  for  9%  of  primary  tumor-like 
lesions  of  bone;  85%  occur  in  the  first  2 decades, 
median -11  years. 

Aneurysmal  bone  cyst 
(ABC) 

(►  Fig.  10.182) 

ABCs  often  have  a low  signal  rim  on  T1  Wl  and  12WI  adjacent 
to  nonrtal  medullaiy  bone  and  between  extraosseous  soft 
tissues.  Various  combinations  of  low,  Intermediate,  and/or 
high  signal  on  T1WI.  PDWI.  and  12WI  are  usually  seen  within 
ABCs  as  well  as  fluid-fluid  levels.  Variable  Gd-contrast 
enhancement  Is  seen  at  die  margins  of  lesions  as  well  as 
Involving  the  Internal  septae. 

Tumor-liUe  expansile  bone  lesions  containing  cavernous 
spaces  filled  with  blood.  ABCs  can  be  primary  bone  lesions 
(two  thirds)  or  secondaiy  to  other  bone  lesions/tumors  (such 
as  giant  cell  tumors,  chondroblastomas,  osteoblastomas, 
osteosarcomas,  chondromyxoid  fibromas,  nonossifying 
fibromas,  fibrous  dysplasia,  fibrosarcomas,  malignant  fibrous 
histiocytomas,  and  metastatic  disease).  Account  tor 
approximately  1 1 % of  primary  tumor-like  lesions  of  bone. 
Patients  usually  range  In  age  from  1 to  25  years,  median  - 14 
years. 

Giant  cell  tumor  of 
bone  (prior  to  physaal 
plate  closure) 

( Fig.  10.183) 

Often  well-defined  lesions  with  thin  low  signal  margins  on 
T1WI.  PDWI,  and  12WI.  Solid  portions  of  giant  cell  tumors 
often  have  low  to  Intermediate  signal  on  T1WI  and  PDWI, 
intermediate  to  high  signal  on  12WI.  and  high  signal  on  FS 
PDWI  and  FS  T2WI.  Zones  of  low  signal  on  T2WI  may  be 
seen  secondary  to  hemosiderin.  ABCs  can  be  seen  in  14%  of 
giant  cell  tumors.  Areas  of  cortical  thinning,  expansion,  and/ 
or  destruction  can  occur  with  extraosseous  extension. 
Tumors  show  varying  degrees  of  Gd-contrast  enhancement, 

Aggressive  bone  tumors  composed  of  neoplastic  mono- 
nuclear cells  and  scattered  multinudeated  osteoclast-llke 
giant  cells.  Account  tor  23%  of  primary  nonmallgnant  bone 
tumors,  and  5 to  9%  of  all  primary  bone  tumors;  median 
age-  30  years. 

(continued  on  page  462) 


Fig.  10.181  A 16-year -old  male  with  a unicameral  bone  cyst  in  the  distal  femur,  which  has  lowinbermediate  signal  on  coronal  Tl-weighted  imaging 
(T1WI)  (a)  and  high  signal  on  axial  fat-suppressed  (FS)  T2- weighted  Imaging  (b).  The  lesion  shows  thin  peripheral  rim  Gd  contrast  enhancement  on 
coronal  FS  T1WI  (c). 
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Rg.  10.182  An  11 -year-old  male  wldi  an  expansile 
aneurysmal  bone  cyst  In  die  proximal  femur,  which 
has  multiple  septatfons  and  compartments  with  high 
signal  on  coronal  fat-suppressed  (FS)  T2-we1ghted 
imaging  (a).  Gadolinium-contr  ast  enhancement  is 
seen  at  die  margins  and  between  the  fluid  aones  on 
coronal  F 5 T1- weighted  Imaging  (b). 


Fig.  10.183  A 14-year-old  boy  with  a giant  cell  tumor  within  the 
mefcadlaphyseal  portion  of  tire  proximal  humerus,  which  shows 
prominent  Gd-eontrast  enhancement  on  coronal  fat-suppressed  T1- 
weighted  imaging,  as  well  as  cortical  destruction  and  exbaosseous 
extension. 
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Table  10.8  (Cont)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Giant  cell  reparative 
granuloma 
( Fig.  10.184) 

Lesions  can  have  heterogeneous  low,  intermediate,  and/or 
high  signal  on  T1  Wl.  PDWI,  and  T2WI  as  well  as  peripheral 
rimlike  and  central  Gd-contrast  enhancement  on  FS  T1WI. 
May  be  surrounded  by  a poorly  defined  zone  of  high  signal 
on  FS  T2WI  and  Gd-contrast  enhancement  in  the  adjacent 
marrow. 

Giant  cell  reparative  granulomas  are  also  referred  to  as  solid 
ABCs.  Histological  appearance  resembles  brown  tumors. 

Chondromyxoid 
fibroma 
( Fig.  10.185) 

Lesions  are  often  slightly  tabulated  with  low-intermediate 
signal  on  T1  Wl,  intermediate  signal  on  PDWI,  and  hetero- 
geneous predominantly  high  signal  on  T2WI.  Thin  low  signal 
septa  within  lesions  on  T2WI  are  secondary  to  fibrous 
strands.  Lesions  are  surrounded  by  low  signal  borders 
representing  thin  sclerotic  reaction.  Edema  is  not  typically 
seen  in  adjacent  medullary  bone.  Lesions  show  prominent 
diffuse  Gd-contrast  enhancement. 

Rare,  benign,  slow-growing  bone  lesions  that  contain 
chondroid,  myxoid,  and  fibrous  aomponents.  Chondromyx- 
oid fibromas  represent  2 to  4%  of  primary  benign  bone 
lesions  and<  1%  of  primary  bone  lesions.  Most  chondro- 
myxoid fibromas  occur  between  the  ages  of  1 to  40  years, 
with  a median  of  17  years  and  peak  incidence  in  the  second 
to  third  decades. 

Hemangioma 

Of  hen  well-circumscribed  lesions  that  typically  have  inter- 
mediate to  high  signal  on  T1WI,  PDWI,  T2WI,  and  FS  T2WI. 
On  T1WI,  hemangiomas  usually  have  signal  equal  to  or 
greater  than  adjacent  normal  marrow  secondary  to  fatty 
components.  Usually  show  Gd-contrast  enhancement. 
Pathological  fractures  associated  with  intraosseous  heman- 
giomas usually  result  in  low-intermediate  marrow  signal  on 
T1WI. 

Common  benign  lesions  of  bone  composed  of  capillary, 
cavernous,  and/or  malformed  venous  vessels.  Hemangiomas 
have  been  considered  to  be  a hamartomatous  disorder. 
Account  for  4%  of  benign  bone  tumors  and  approximately 

1 % of  all  bone  tumors,  likely  underestimated.  Occur  in  all 
ages,  median  = 33  years. 

Intraosseous  lipoma 
( Fig.  10.186) 

Lesions  can  have  heterogeneous  low,  intermediate,  and/or 
high  signal  on  T1  Wl,  PDWI,  and  T2WI  as  well  as  peripheral 
rimlike  and  central  Gd-contrast  enhancement  on  FS  T1WI. 

Uncommon  benign  hamartomas  composed  of  mature  white 
adipose  tissue  without  cellular  atypia.  Osseous  or  chondroid 
metaplasia  with  myxoid  changes  can  be  associated  with 
lipomas.  Account  for  approximately  0.1  % of  bone  tumors, 
likely  underreported. 

(continued  on  page  464) 
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Fig.  10.184  A 14-year-old  boy  with  a giant  sell  granuloma  (also  called  solid  aneurysmal  bone  cyst)  in  die  metadiaphyseal  portion  of  the  proximal  tibia, 
which  is  seen  as  a radloluaent  lesion  with  thin  sclerotic  margins  (arrow)  on  radiograph  (a).  Gadolinium-contrast  enhancement  Is  seen  wtthln  the  lesion 
as  well  as  in  the  adjacent  marrow  on  coronal  fat-suppressed  Tl-weighted  imaging  (b). 


Rg.  10.185  A 48-year-old  woman  with  a chon- 
dromyxoid  fibroma  involving  the  metadiaphyseal 
portion  of  the  proximal  tibia  associated  with 
cortical  thinning  and  expansion.  The  radloluaent 
lesion  (arrow)  (a)  has  high  signal  on  coronal  fat- 
suppressed  T2«welghted  Imaging  (b). 


b 


Fig.  10.186  Intraosseous  lipoma  in  the  meta- 
dlaphysaal  portion  of  the  proximal  humerus, 
which  has  high  fat  signal  peripherally  surround* 
ing  a central  cystiike  zone  with  intermediate 
signal  on  aoronal  proton  density-weighted 
imaging  (a)  (arrow).  The  fat  signal  of  the  lesion 
is  nulled  on  aoronai  lat-suppressd  12-weighted 
Imaging  (b),  wheras  the  central  cystic  region 
has  high  signal. 
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Table  10.8  (Cont.)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

Fibrous  dysplasia 
(►  Fig.  10.187) 


MRI  findings 

Magnetic  resonance  imaging  (MRI)  features  depend  on  the 
proportions  of  bony  spicules,  collagen,  fibroblastic  spindle 
cells,  hemonhagic  and/or  cystic  changes,  and  associated 
pathological  fracture  if  present,  l esions  are  usually  well 
circumscribed  and  have  low  or  low-intermediate  signal  on 
TIWi  and  PDWI.  OnT2WI,  lesions  have  variable  mixtures  of 
low,  intermediate,  and/or  high  signal  often  surrounded  by  a 
low  signal  rim  of  vaiiable  thickness.  Internal  septations  and 
cystic  changes  are  seen  in  a minority  of  lesions.  Bone 
expansion  with  thickened  and/or  thinned  cortex  can  be 
seen.  Lesions  show  Cd-contrast  enhancement  that  varies  in 
degree  and  pattern. 


Comment j 

Benign  medullary  fibro-osseous  lesion,  which  can  involve  a 
single  site  (mono-osbotic)  or  multiple  locations  (polyostotic). 
Thought  to  occur  from  developmental  failuie  in  the  normal 
process  of  remodeling  piimitive  bone  to  mature  lamellar 
bone  with  resultant  aone  or  zones  of  immature  trabeculae 
within  dysplastic  fibrous  tissue.  Acaounts  for  approximately 
10%  of  benign  bone  lesions.  Patients  range  in  age  from<1 
year  to  76  years;  75%  occur  before  the  age  of  30  years. 


(continued  on  page  466) 


464 


Lesions  Involving  Bones 


Fig, 10.187  A 14-yflar~old  boywltii 
fibrous  dysplasia  involving  the 
metadlaphysaal  portion  of  the 
proximal  femur  (a)  (arrow),  which 
has  a ground-glass  radiographic 
appearance.  The  circumscribed 
lesion  has  a margin  of  low  signal 
surrounding  a central  zone  with 
intermediate  signal  on  coronal 
Tl-weighted  Imaging  (T1WI)  (b). 
The  lesion  has  high  signal  on  coro- 
nal fat-suppressed  (FS)  12-weighted 
Imaging  (c)  and  shows  Gd-contrast 
enhancement  on  coronal  FS 
T1WI  (d). 


465 


Lesions  Involving  Bones 


Table  10.8  (Cont)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Liposderosing  myxofi- 
brous  tumor 
( Fig.  10.188) 

Lesions  have  well-defined  margins  with  variable  thickness  of 
low  signal  borders  on  T1WI  and  T2WI.  Lesions  often  have 
low  to  intermediate  signal  on  T1  Wl  and  intermediate  to  high 
signal  on  T2WI  andFST2WI.  Small  zones  with  fat  signal  may 
be  seen  at  the  periphery  of  the  lesions.  Lesions  usually  lack 
Gd-contrast  enhancement. 

Uncommon  benign  fibro-osseous  lesions  with  mixed  histo- 
logical features  of  lipoma,  fibroxanthoma,  myxoma,  fibrous 
dysplasia,  bone  cyst,  myxofibroma,  fat  necrosis,  and/or 
ischemic  ossification.  Most  of  these  lesions  occur  in  the 
intertrochanteric  region  of  the  femur.  May  represent  a 
variant  form  of  fibrous  dysplasia.  Patients  range  from  15  to 
69  years,  mean -42  years. 

Stress  fracture 
( Fig.  10.189) 

Fractures  typically  have  abnormal  marrow  signal  (usually  low 
signal  on  T1  Wl,  high  signal  on  T2WI  and  FS  T2WI).  Gd- 
contrast  enhancement  is  typically  seen  in  the  postfracture 
period.  Angulated  cortical  margins  and  periosteal  high  signal 
on  FS  T2WI  can  be  seen.  A curvilinear  zone  of  low  signal  on 
72  Wl  and  FS  72  Wl  may  be  seen  within  the  marrow  edema, 
which  is  often  perpendicular  or  oblique  to  the  long  axis  of 
the  involved  bone. 

Stress  fractures  can  result  from  persistent  chronic  mechan- 
ical overload  as  well  as  from  osteoporosis  or  osteomalacia, 
primary  bone  tumors/lesions,  metastatic  disease,  and  bone 
infarcts. 

Bone  infarct 
( Fig.  10.190) 

A double-line  sign  (curvilinear  adjacent  zones  of  low  and 
high  signal  on72WI)  is  commonly  seen  at  the  edges  of  the 
infarcts  representing  the  borders  of  osseous  resorption  and 
healing.  liTegular  Gd-contrast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth. 

Zones  of  ischemic  death  involving  bone  trabeculae  and 
marrow,  which  may  be  idiopathic  or  result  from  trauma, 
corticosteroid  treatment,  chemotheiapy,  radiation  treat- 
ment, occlusive  vascular  disease,  collagen  vascular  and  other 
autoimmune  diseases,  metabolic  storage  diseases  (e.g., 
Gaucher  disease),  sickle  cell  disease,  thalassemia,  hyperbaric 
everrts/Caisson  disease,  pregnancy,  alcohol  abuse,  pancrea- 
titis, infections,  and  lymphoproliferative  diseases. 

(continued  on  page  468) 
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Fig.  10.189  Stress  fracture  in  the  proximal  femur  seen  as  a poorly 
defined  zone  with  high  signal  in  die  marrow  surrounding  a linear  zone 
of  low  signal  on  coronal  fat-suppressed  T2- weighted  Imaging. 


Fig.  10.190  A 38-yoar-old  man  with  sickle  tell  trait  and  a bone  Infarct  in  die  distal  metadlaphyseal  portion  of  the  distal  femur  as  seen  on  sagittal  T1- 
wekjhted  Imaging  (a)  and  sagittal  (b)  and  axial  fat -suppressed  Q-weighted  imaging  (T2WI)  (c).  A double-line  sign  (curvilinear  adjacent  zones  of  low 
and  high  signal  on  T2WI)  is  seen  at  the  edges  of  the  infarct  representing  die  borders  of  oareus  resorption  and  healing. 
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Table  10.8  (Cent)  Solitary  Intramedullary  metadlaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Eosinophilic  granuloma 
(►  Fig.  10.191) 

Focal  Intramedullary  leslon(s)  associated  with  trabecular  and 
cortical  bone  desbuction,  which  typically  have  low-inter- 
mediate signal  on  T1WI  and  PDWI  and  heterogeneous 
slightly  high  to  high  signal  on  T2WI.  Poorly  defined  zones  of 
high  signal  on  17 Wl  are  usually  seen  in  the  marrow 
peripheral  to  die  lesions  secondary  to  inflammatory 
changes.  Extension  of  lesions  from  the  marrow  Into  adjacent 
soft  tissues  through  areas  of  cortical  disruption  are 
commonly  seen  as  well  as  linear  periosteal  zones  of  high 
signal  on  T2WI.  lesions  typically  show  prominent  Gd- 
contrast  enhancement  In  marrow  and  In  exbaosseous  soft 
tissue  portions. 

Benign  tumor-llke  lesions  consisting  of  Langerhans  cells 
(histiocytes)  and  variable  amounts  of  lymphocytes,  poly- 
morphonuclear cells,  and  eosinophils.  Account  for  1%  of 
primary  bone  lesions  and  8%  of  tumor-llke  lesions.  Oacur  In 
patients  with  median  age- 10  years,  average- 13.5  years, 
peak  incidence  between  5 and  1 0 years;  80  to  85%  oacur  in 
patients  less  than  30  years. 

Ostfcomyeltls 
(►  Fig.  10.192) 

Poorly  defined  zones  with  high  signal  on  17WI  and  FS  17WI 
and  Gd-contiast  enhancement  are  seen  in  marrow  with 
associated  zones  of  cortical  destruction.  Periosteal  reaction 
can  be  seen  as  a peripheral  rim  of  high  signal  onT2WI  and  FS 
T2WI  and  Gd-contrast  enhancement  on  FS  T1WI  adjacent  to 
the  low  signal  of  cortical  bone.  A subperiosteal  abseess  with 
high  signal  on17WI  and  FST2WI  can  often  be  seen  elevating 
a single  low  signal  thin  band  of  periosteum. 

Infection  of  bone,  which  can  result  from  hematogenous 
spread  of  microorganisms,  trauma-direct  inoculation, 
extension  from  adjacent  tissues,  and  complications  from 
suigery.  XDphyhaxxts  oureus  and  Streptococci*  p)vgenG 
are  the  most  common  bacterial  infections  involving  bone. 
Osteomyelitis  can  also  result  from  other  bacteria  as  well  as 
tuberculosis,  fungi,  parasites,  and  vfruses. 

Malignant  lesions 

Metastatic  lesion 
(*>  Fig.  10.193) 

Single  or  multiple  weH-drcumsaibed  or  poorly  defined 
infilb  ative  lesions  involving  the  marrow  associated  with 
cortical  desbuction  and  extraosseous  extension.  Lesions 
often  have  lowintermediate  signal  on  T1WI;  low.  interme- 
diate,, and/or  high  signal  on  T2W1  and  FS  T1WI  and  usually 
show  Gd-cont  ast  enhancement  Coitlcal  destruction  and 
tumor  extension  into  the  extraosseous  soft  tissues  fre- 
quently occurs.  Pathological  fractures  can  be  associated  with 
metastatic  lesions  Involving  tubular  bones  and  vertebrae. 
Periosteal  reaction  Is  uncommon. 

Metastatic  lesions  typically  oacur  in  the  marrow  with  or 
without  cortical  destruction  and  extraosseous  tumor  exten- 
sion. 

(continued  on  poge  470) 


F1g.10.191  A 5-yaar-old  boy  with  an  eosinophilic  granuloma 
Involving  the  metadlaphyseal  portion  of  the  distal  humerus. 
The  intramedullary  lesion  has  high  signal  on  coronal  fat- 
suppressed  (FS)  T2-we*ghted  imaging  (a)  and  is  associated 
with  cortical  destruction,  periosteal  elevation,  and  extraoss- 
eous  extension  wiUi  abnormal  high  signal.  The  lesion  shows 
prominent  gadolinium-contrast  enhancement  on  coronal  FS 
Tl-welghted  Imaging  (b). 
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Fig.  10.192  A 5-year-old  male  with 
Stophyiococnjs  aureus  osteomyelitis 
Involving  the  metadlaphyseal  por- 
tion of  the  distal  femur,  which  has 
heterogeneous  slightly  high  signal 
on  coronal  (a)  and  sagittal  fet- 
suppressed  T2-welghted  imaging 
(b).  Infection  extends  through  the 
bone  cortex  resulting  in  subperios- 
teal abscess  and  Infection  of 
adjacent  extraosseous  soft  tissue 
(arrow). 


Flg.10.193  A 56-ycar-old  woman 
with  a metastatic  lesion  In  the 
metadiaphyseel  portion  of  the 
proximal  femur  from  breast  carci- 
noma, which  has  low-intermediate 
signal  on  coronal  T1  -weighted 
imaging  (T1W1)  (a)  and  shows  Gd- 
contrast  enhancement  on  coronal 
fat-suppressed  T1  Wl  (b).  A thin  zone 
of  periosteal  reaction  is  also  seen 
medially. 
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Table  10.8  (Cont)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities  MRI  findings 


Comments 


Plasmacytoma/mye- 

loma 


Multiple  (myeloma)  or  single  (plasmacytoma)  are  well- 
circumscribed  or  poorly  defined  diffuse  infiltrative  lesions 
involving  marrow,  low-intermediate  signal  on  T1Wlt  inter- 
mediate-high signal  on  T2WI  and  FS  T2WI;  usually  show  Gd- 
contrast-enhancement,  eventual  cortical  bone  destruction, 
and  extraosseous  extension. 


Malignant  tumors  composed  of  proliferating  antibody- 
secreting  plasma  cells  derived  from  single  clones.  Most 
common  primary  neoplasm  of  bone  in  adults;  median 
age=60  years.  Most  patients  are  older  than  40  years.  May 
have  variable  destructive  or  infiltrative  changes  involving  the 
axial  and/or  appendicular  skeleton. 


Lymphoma 
(►  Fig.  10.194) 


Osteosarcoma 
(►  Fig.  10.195) 


Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin  disease  (HD) 
within  bone  typically  appears  as  single  or  multifocal  poorly 
defined  or  circumscribed  intramedullary  zones  with  low- 
intermediate  signal  on  T1  Wl;  intermediate,  slightly  high, 
and/or  high  signal  on  T2WI;  and  high  signal  on  FS  T2WI; 
often  show  Gd-contrast  enhancement.  Zones  of  cortical 
destruction  may  oecur  associated  with  exb  aosseous  soft 
tissue  extension.  HD  involving  bone  with  associated  sclerosis 
seen  on  plain  films  or  computed  tomography  (CT)  usually 
have  low  signal  on  T1WI  and  variable/mixed  signal  on  T2WI. 
In  some  cases  of  NHL,  intramedullary  tumor  may  be 
associated  with  bulky  extraosseous  lesions  without  extensive 
cortical  destruction.  High  resolution  MRI  in  these  cases 
shows  thin  penetrating  channels  of  tumor  extending 
through  bone  cortex  into  the  exb  aosseous  soft  tissues. 
Destructive  intramedullary  malignant  lesions,  low-interme- 
diate signal  onTI  Wl;  mixed  low,  intermediate,  high  signal  on 
T2WI,  usually  with  matrix  mineralization/ossification-low 
signal  on  T2WI;  usually  show  Gd-contrast  enhancement 
(usually  heterogeneous).  Zones  of  cortical  destruction  are 
common  through  which  tumors  extend  into  the  exb  aoss- 
eous soft  tissues  under  an  elevated  periosteum.  Lamellated 
and/or  spiculated  zones  of  bone  formation  can  occur  under 
the  periosteal  elevation  secondary  to  tumor  invasion  and 
perforation  of  bone  cortex.  Low  signal  from  spicules  of 
periosteal,  reactive,  and  tumoral  bone  fonnation  may  have  a 
divergent  (sunburst)  pattern,  perpendicular  (hair  on  end) 
pattern,  or  disorganiaed  or  complex  appearance.  Triangular 
zones  of  periosteal  elevation  (Codman  triangles)  can  be  seen 
at  the  borders  of  zones  of  cortical  destruction  and  tumor 
extension. 


Lymphoid  tumors  with  neoplastic  cells  typically  within 
lymphoid  tissue  (lymph  nodes  and  reticuloendothelial 
organs).  Unlike  leukemia,  lymphoma  usually  arises  as 
discrete  masses.  Lymphomas  are  subdivided  into  HD  and 
NHL.  Almost  all  primary  lymphomas  of  bone  are  B-cell  NHL. 
HD,  mean  age-32  years.  Osseous  NHL,  median-35  years. 


Malignant  tumor  composed  of  proliferating  neoplasbc 
spindle  cells,  which  produce  osteoid  and/or  immature 
tumoral  bone  and  which  most  frequently  arise  within 
medullary  bone  (metadiaphysea I > metaphyseal  > diaphyseal 
locations).  Two  age  peaks  of  incidence.  The  larger  peak 
occurs  between  the  ages  of  1 0 and  20  and  accounts  for  over 
half  of  the  cases.  The  second  smaller  peak  occurs  in  adults 
over  60  years  and  accounts  for  approximately  10%  of  the 
cases.  Occurs  in  children  as  primary  tumors  and  adults 
(associated  with  Paget  disease,  irradiated  bone,  chronic 
osteomyelitis,  osteoblastoma,  giant  cell  tumor,  fibrous 
dysplasia). 


(continued  on  page  472) 
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Fig, 10. 194  A 19-year-old  man  with  a large  B-cell 
non-Hodgkin  lymphoma  in  tile  metadiaphysaal  mar- 
row of  tiie  proximal  tibia,  which  has  mostly  Interme- 
diate signal  on  aoronal  T1- weighted  Imaging  (a)  and 
high  signal  on  coronal  fat- sup  pressed  12WI  (b). 


Rg. 10,195  A 9-year-old  boy  with  a chondroblastlc 
osteosarcoma  in  the  metadiaphyseal  marrow  of  the 
distal  femur,  which  has  low  and  intenoediate  signal 
on  aononal  T1WI  (a)  and  heterogeneous  high  and 
low  signal  on  coronal  fat-suppressed  ^-weighted 
imaging  (b). 
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Table  10.8  (Cont.)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Ewing  saraoma 
(►  Fig.  10.196) 

Destructive  malignant  lesions  Involving  marrow;  low-inter- 
mediate signal  on  T1W1:  mixed  low.  intermediate,  and/or 
high  signal  on  T2WI  and  FS  T2WI;  usually  shows  Gd-contiast 
enhanaement  (usually  heterogeneous).  Extraosseous  tumor 
extension  through  sites  of  cortical  destruction  is  aommonly 
seen  beneath  an  elevated  periosteum.  Thin  striated  zones  of 
low  signal  on  T2WI  can  sometimes  be  seen  oriented 
perpendicular  to  the  long  axis  of  the  Involved  bone  under 
the  elevated  periosteum  represnting  the  hair  on  end 
appearance  of  reacthe  bone  formation  secondary  to  die 
tumor.  In  long  bones,  tumors  are  most  often  located  in  the 
diaphyseal  region,  followed  by  the  metadiaphyseai  region. 

Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  cells  with  round  nuclei.  Accounts  for  6 
to  11  % of  primary  malignant  bone  tumors,  5 to  7%  of 
primary  bone  tumors.  Usually  occurs  between  the  ages  of  5 
and  30,  ma!es> females,  locally  invasive,  high  metastatic 
potential. 

Chondrosarcoma 
(►  Fig.  10.197) 

intramedullary  tumors  often  have  low-intermediate  signal 
on  T1WI,  intermediate  signal  on  PDWI,  and  heterogeneous 
Intermediate-high  signal  on  T7WI.  lesions  usually  show 
heterogeneous  aontrast  enhanaement  Zones  of  cortical 
destruction  can  be  seen  with  extraosseous  extension  of 
tumor. 

Chondrosarcomas  are  malignant  tumors  containing  cartilage 
formed  within  sarcomatous  stroma.  Account  fori  2 to  2 1 % of 
malignant  bone  lesions,  21  to  26%  of  prllmary  sarcomas  of 
bone.Usually  occurs  between  the  ages  of  5 and  91, 
mean=40  years,  median  =26  to  59  years. 

Rbrosaraoma 

intramedullary  lesions  with  Irregular  margins,  with  or 
without  associated  cortical  desbuction  and/or  extraoserous 
soft  tissue  maxes.  Lesions  usually  have  low-intermediate 
signal  onTIWI  and  PDWI.  and  heterogeneous  Intermediate, 
slightly  high,  and/or  high  signal  on  12WI.  Lesions  usually 
show  heterogeneous  Gd-contrast  enhancement 

Fibrosarcomas  are  uncommon  malignant  tumors  consisting 
of  bundles  of  neoplastic  fibrobiasts/spindle  cells  witii  varying 
proportions  of  collagen,  lacking  other  tlssue-cJIfferentlatlng 
features  such  as  tumor  bone,  osteoid,  or  cartilage.  Can  be 
primary  lesions  (75%)  or  arise  as  secondary  bjmors  (25%) 
associated  with  prior  irradiation,  Paget  disease,  bone  inf  aict, 
chronic  osteomyelitis,  fibrous  dysplasia,  giant  cell  tumor. 
Accounts  for  3 to  5%  of  primaiy  malignant  bone  tumors  and 

2 to  4%  of  all  bone  tumors.  Median  age-43  years. 

Malignant  fibrous 
histiocytoma 
( Rg.  10.198) 

intramedullary  lesions  with  irregular  margins  with  zones  of 
cortical  desbuction  and  exbaosseous  extension.  Tumors 
often  have  low-intermediate  signal  on  T1WI,  low-interme- 
diate signal  on  PDWI,  and  heterogeneous  Intermediate-high 
signal  on  12 Wl  and  PS  T2W1.  Invasion  into  Joints  occurs  in 
30%.  May  be  associated  with  bone  Infarcte,  bone  cysts, 
chronic  osteomyelitis,  Paget  dbese,  and  other  treated 
primary  bone  tumors.  Lesions  usually  show  heterogeneous 
Gd-aontrast  prominent  enhanaement. 

Malignant  tumor  involving  soft  tissue  and  rarely  bone 
derived  from  undifferentiated  mesenchymal  cells.  Contains 
cells  with  limited  cellular  differentiation  such  as  mixtures  of 
fibroblasts,  myofibroblasts,  histiocyte-like  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for  1 to  5%  of 
primary  malignant  bone  bimors  and<  1 to  3%  of  ail  primary 
bone  tumors.  Patient  ages  range  from  1 1 to  80  years, 
median=48  years,  mean=  55  years. 

Fig.  10.196  A 10-year-ofd  girl  with  Ewing  saraoma  In  the  metadlaphyseal  portion  of  the  proximal  fibula  with  permeative  intramedullaiy  and  aorOcal 
bone  destruction  witii  interrupted  periosteal  elevation  (arrows)  (a).  Ihe  tumor  has  high  signal  in  die  marrow  on  coronal  fat-suppressed  T 2- weighted 
Imaging  (FS  T2WI)  (b)  and  shows  prominent  Gd-eontrast  enhancement  on  aoronal  FS  T1WI  (c).  Intramedullary  tumor  extends  through  sites  of  aortkal 
destruction  wftii  periosteal  elevation  Into  the  adjaaent  exbaosseous  soft  tissues. 
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Fig.  10.197  A 4S-ye®r~old  woman  with  a low  grade  chondrosarcoma  in  the  metadiaphyseal  portion  of  die  proximal  humerus,  which  contains 
chondrold  mineralization  (a).  The  tumor  has  high  signal  on  coronal  fat-suppnwdon  (FS)  T2-welghted  Imaging  (b)  and  shows  Irregular  lobular 
gadolinium-contrast  enhancement  on  coronal  FS  Tl-welghted  Imaging  (c). 


Fig.  10.196  A 53-year-old  man  with  a malignant  fibrous  histiocytoma  in  tiie  metadiaphyscal  region  of  the  proximal  tibia  that  arose  from  a bone 
Infaict.  The  lesion  has  low,  Intermediate,  and  high  signal  on  coronal  Tl-welghted  Imaging  (T1WI)  (a)  and  shows  heteiogeneous  Gd-contrast 
enhancement  on  coronal  (b)  and  axial  fat-suppreased  T1WI  (c).  The  Intramedullary  lesion  Is  associated  with  cortical  bone  destruction. 
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10.9  Solitary  Intramedullary 
Diaphyseal  Lesions 

• NonmaUgnant  lesions 
o Stress  fracture 
o Bone  infarct 
o Fibrous  dysplasia 
o Fibroxanthoma 
o Enchondroma 
o Eosinophilic  granuloma 
o Osteomyelitis 


• Malignant  lesions 
° Metastatic  lesion 
o Plasmacytoma/myeloma 
o lymphoma 
o Osteosarcoma 
° Ewing  sarcoma 
o Chondrosarcoma 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Paget  sarcoma 


Table  10.9  Solltaiy  Intramedullaiy  diaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Nonmaltgnant  lesions 

Stress  fracture 
(►  Fig.  10.199) 

Fractures  often  have  associated  poorly  defined  zones  of 
abnonnal  marrow  signal  with  low  signal  on  T1 -weighted 
imaging  (T1WI),  and  high  signal  on  T2-weighted  imaging 
(T2WI)  and  fat-suppressed  (FS)  T2WI.  Gadolinium  (Gd)- 
eontrast  enhancement  is  typically  seen  in  the  pastfrecture 
period.  Anguiated  cortical  maigins  and  periosteal  high  signal 
on  FS  T2WI  can  be  seen.  A curvilinear  zone  of  low  signal  on 
T2WI  and  FS  T2WI  may  be  seen  within  the  marrow  edema, 
which  is  often  perpendicular  or  oblique  to  the  long  axis  of 
the  Involved  bone. 

Stress  fractures  can  result  from  persistent  chronic  mechan- 
ical overload,  as  well  as  from  osteoporosis  or  osteomalada. 

Bone  infaict 
(►  Fig.  10.200) 

A double-line  sign  (curvilinear  adjaeent  zones  of  low  and 
high  signal  on  T2WI)  is  commonly  seen  at  the  edges  of  the 
Infarcts  representing  die  borders  of  oseous  resorption  and 
healing.  Irregular  Gd-eontiast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth.  Poorly  defined  zones  with 
high  signal  on  12WI  and  Gd-contrast  enhancement  can  be 
seen  In  marrow  and  periosteal  soft  tissues  In  acute  bone 
infarcts. 

Zones  of  ischemic  death  involving  bone  trabeculae  and 
marrow  which  can  be  idiopathic  or  result  from  trauma, 
corticosteroid  treatment,  chemotherapy,  radiation  treat- 
ment, ocdusive  vascular  diseoe,  collagen  vascular  and  other 
autoimmune  diseases,  metabolic  storage  diseases  (e.g., 
Gaucher  disease),  sldde  eell  disease,  thalassemia,  hyperbaric 
events/Caisson  disease,  pregnancy,  alcohol  abuse,  pancrea- 
titis. infections,  and  lyuiphoproliferative  diseases. 

(continued  on  page  476) 
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Fig,  10.199  A 12-year-old  girl  with  a fatigue-type  stress 
fracture  In  the  proximal  dlaphysls  of  the  tibia.  A horizontal  linear 
zone  of  low  signal  (arrow)  Is  seen  within  the  marrow 
surrounded  by  a poorly  defined  zone  of  low- intermediate  signal 
on  eononal  Tl-welghted  Imaging  (a)  and  high  signal  on  coronal 
fat-suppressed  T2-welghted  Imaging  (F5  T2WI)  (b).  The  high 
signal  on  FS  T2WI  from  edema  and/or  inflammation  extends  up 
into  the  metaphyseal  marrow. 
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Fig,  10,200  A 76-year-old 
man  with  an  acute  bone 
Infarct  In  the  dlaphysls  of  the 
femur,  which  Is  seen  as  a 
poorly  defined  zone  of  low- 
Intermediate  signal  In  the 
marrow  on  sagittal  T1- 
weighted  imaging  (T1WI)  (a) 
and  heterogeneous  high  sig- 
nal on  sagittal  (b)  and  axial 
fat-suppressed  (FS)  T2- 
weighted  imaging  (c)  with 
elevated  thin  periosteal 
reaction  with  adjacent  high 
signal  in  the  extraosseous 
soft  tissues  (b).  The  acute 
Infarct  shows  Gd-aontrast 
enhancement  on  axial  FS 
T1WI  (d). 
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Table  10.9  (Cont.)  Solitary  intramedullary  diaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Fibrous  dysplasia 
( Fig.  10.201) 

Magnetic  resonance  imaging  (MRI)  features  depend  on  the 
proportions  of  bony  spicules,  collagen,  fibroblastic  spindle 
cells,  hemonhagic  and/or  cystic  changes,  and  associated 
pathological  fracture  if  present  lesions  are  usually  well- 
circumscribed  and  have  low  or  low-intermediate  signal  on 
TIWi  and  PDWI.  On  T2WI,  lesions  have  variable  mixtures  of 
low,  intermediate,  and/or  high  signal  often  surrounded  by  a 
low  signal  rim  of  vaiiable  thickness.  Internal  septations  and 
cystic  changes  are  seen  in  a minority  of  lesions.  Bone 
expansion  with  thickened  and/or  thinned  cortex  can  be 
seen.  Lesions  show  Gd-contrast  enhancement  that  varies  in 
degree  and  pattern. 

Benign  medullary  fibro-osseous  lesion,  which  can  involve  a 
single  site  (mono-os botic)  or  multiple  locations  (polyostotic). 
Thought  to  occur  from  developmental  failuie  in  the  normal 
process  of  remodeling  piimitive  bone  to  mature  lamellar 
bone  with  resultant  aone  or  zones  of  immature  trabeculae 
within  dysplastic  fibrous  tissue.  Accounts  for  approximately 

1 0%  of  benign  bone  lesions.  Patients  range  in  age  from<  1 
year  to  76  years;  75515  occur  before  the  age  of  30  years. 

Fibroxanthoma 

Well-circumscribed  eccentiic  intramedullaiy  lesions  in  the 
diaphyseal  regions  of  long  bones,  which  have  mixed  low- 
intermediate  signal  on  TIWI  and  mixed  low,  intermediate, 
and/or  high  signal  on  T2WI,  PDWI,  and  FS  T2WI.  Zones  of 
low  signal  on  TIWI,  PDWI,  and  72WI  can  be  seen  in  the 
central  portions  of  the  lesions.  Zones  with  varying  thickness 
of  low  signal  on  TIWI,  PDWI,  and  T2WI  are  seen  at  the 
margins  of  the  lesions  representing  bone  sclerosis.  Internal 
septations  are  commonly  seen  as  zones  of  low  signal  on 
T2WI  in  these  lesions.  Lesions  can  show  Gd-contrast 
enhancement  (heterogeneous  > homogeneous  patterns). 

Histologically  identical  to  nonossifying  fibromas  but  occur  in 
diaphyseal  portions  of  long  bones.  Lesions  contain  whorls  of 
fibroblastic  cells  combined  with  smaller  amounts  of  multi- 
nucleated  giant  tells  and  xanthomatous  cells.  Patients  range 
in  age  from  6 to  74  years,  60%  of  patients  are  older  than  20 
years  at  diagnosis. 

(continued  on  page  478) 
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Flg.l  0.201  A 19-year-old  man  with  fibrous 
dysplasia  involving  tile  diaphysis  of  tile  tibia, 
lhe  lesion  (arrow)  has  Increased  attenuation 
with  a ground-glass  radiographic  appear- 
ance and  is  associated  with  sllight  expansion 
and  thinning  of  adjacent  cortical  margins 
(a).  The  lesion  has  low-intermediate  signal 
on  sagittal  Tl-weighted  imaging  (T1WI)  (b), 
slightly  high  signal  on  sagittal  fat-sup- 
pressed (FS)  T2-weighted  Imaging  (c),  and 
shows  Gd-eontrast  enhaneement  on  sagittal 
FS  T1WI  (d). 
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Table  10.9  (Cont.)  Solitary  intramedullary  diaphyseal  lesions 

Abnormalities 

MRI  findings 

Comments 

Enchondroma 
(Fig.  10.202) 

Ijobulated  Intramedullary  lesions  with  well-defined  borders, 
which  usually  have  low-intermediate  signal  onTIWI  and 
intermediate  signal  on  POWI.  On  12WI  and  FS  T2WI.  lesions 
usually  have  pnedomlnandy  high  signal  with  foci  and/or 
bands  of  low  signal  representing  areas  of  matrix  mineral- 
ization and  fibrous  strands.  No  zones  of  abnonnal  high  signal 
onT2WI  are  typically  seen  In  the  marrow  outside  the  borders 
of  die  lesions,  lesions  typically  show  Gd-eontrast  enhance- 
ment in  vaiious  patterns  (peripheral  curvilinear  lobular, 
central  nodular/septal  and  peripheral  lobular,  or  heteroge- 
neous diffuse). 

8enign  Intramedullary  lesions  composed  of  hyaline  cartilage, 
represent  appro*imately  ICR  of  benign  bone  tumors. 
Enchiondromas  can  be  solitary  (88%)  or  multiple  (12%).  Ollier 
disease  Is  a dysdiondroplasta  involving  endodiondnal-fbrmed 
bone  resulting  in  multiple  enchondromas  (enchondromato- 
sis). Metachondnomatosis  is  a combination  of  enchondroma- 
tosis and  osteochondromatosis  and  is  rare.  Maffucd  syndrome 
refers  to  a syndrome  with  multiple  enchondromas  and  soft 
tissue  hemangiomas  and  is  very  rare.  Patients  range  in  age 
fiom  3 to  83  years,  median-35  years,  m can-38  to 40  years, 
peak  In  third  and  fourth  decades. 

Eosinophilic  granuloma 
( Fig.  10.203) 

Focal  intramedullary  letion(s)  associated  with  trabecular  and 
cortical  bone  destniction,  which  typically  have  low4nterme- 
diate  signal  on  T1WI  and  POWI  and  heterogeneous  slightly 
high  to  high  signal  on  12WI.  Poorly  defined  zones  of  high 
signal  on  T2WI  are  usually  seen  in  the  marrow  peripheral  to 
the  lesions  secondary  to  inflammatory  changes.  Extension  of 
lesions  from  the  manow  into  adjacent  sort  tissues  through 
areas  of  cortical  disruption  are  commonly  seen  as  well  as  linear 
periosteal  zones  of  high  signal  on  T2WI.  Lesions  typically  show 
prominent  Gd-contrast  enhancement  in  marrow  and  in 
extra  osseous  soft  tissue  portions. 

Benign  tumor-like  lesions  consisting  of  Langeihans  cells 
(histiocytes),  and  variable  amounts  of  lymphocytes,  poly- 
morphonuclear cells,  and  eosinophils.  Account  for  1%  of 
primary  bone  lesions  and  8%  of  tumor-like  lesions.  Occur  in 
patients  with  median  age- 10  years,  average  - 13.5  years, 
peak  incidence  is  between  5 and  10  years:  80  to  85%  occur  in 
patients  less  than  30  years. 

(continued  on  poge  480) 


Fig.  10.202  A 47-year-old  woman  with  an 
enchondroma  in  die  diaphyseal  portion  of 
die  femur,  which  contains  chondroid  matrix 
mineralization  (airow)  on  lateral  radiograph 
(a).  The  lesion  has  mixed  low-intermediate 
signal  on  sagittal  Tl-weighled  imaging 
(T1WI)  (b)  and  high  signal  on  sagittal  F5  T2- 
weighted  imaging  (c).  The  lesion  shows  Gd- 
•ontrast  enhancement  on  sagittal  FS  T1WI 

(d). 
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Flg.10.203  An  18-year-old  woman 
with  an  eosinophilic  granuloma 
Involving  the  diaphyseal  marrow  of 
the  femur,  which  Is  seen  as  a poorly 
defined  zone  of  low-intermediate 
signal  on  ooronal  Unweighted 
Imaging  (a).  A thin  marginal  rim  of 
low  signal  is  seen  surrounding  a 
central  zone  of  high  signal  on 
■oronal  fat-suppreaed  T2- 
weighted  imaging  (b).  as  well  as  a 
poorly  defined  aone  of  peripheral 
high  signal  and  thin  periosteal 
reaction  with  high  signal. 


479 


Lesions  Involving  Bones 


Table  10.9  (Coni.)  Solitary  Intramedullary  diaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Osteomyelitis 
(-  Fig.  10.204; 

► Fig.  10.205) 

Poorly  defined  zones  with  high  signal  on  T2WI  and  FS  72WI 
and  Gd-eontiast  enhancement  are  seen  in  marrow  with 
associated  zones  of  cortical  destruction.  Periosteal  reaction 
can  be  seen  as  a peripheral  rim  of  high  signal  on  T2WI  and  FS 
T2WI  and  Gd-contrast  enhancement  on  FS  T1WI  adjacent  to 
the  low  signal  of  cortical  bone.  A subperiosteal  abseess  with 
high  signal  onT2WI  and  FST2WI  can  often  be  seen  elevating 
a single  low  signal  thin  band  of  periosteum.  In  the  subacute 
phase  of  pyogenic  osteomyelitis,  the  infection  can  become 
localized  Into  an  Intraosseous  (Brodle)  abscess  with  trabec- 
ular necrosis,  which  can  be  walled  off  by  sclerotic  Intra- 
medullary and  cortical  reaction  with  or  without  a sinus  tract. 

Infection  of  bone  that  can  result  hom  hematogenous  spread 
of  micro-organisms,  trauma-direct  inoculation,  extension 
from  adjaaent  tissues,  and  complications  from  surgery, 
StophybcDccus  aureus  and  Staptbcxxrus  pyogenes  are  the 
most  common  bacterial  infections  involving  bone.  Osteo- 
myelitis can  also  result  from  other  bacteria  as  well  as 
tuberculosis,  fungi,  parasites,  and  viruses. 

(continued  on  poge  482) 


Fig.  10.204  A 13-year-old  boy  with  pyogenic  osteomyelitis  involving  the  dlaphysls  of  the  tibia,  which  Is  seen  as  a poorly  defined  zone  of  high  signal  on 
coronal  (a)  and  axial  fat-suppressed  (FS)  T2-weighted  imaging  (b)  in  the  marrow  associated  with  periosteal  elevation,  and  poorly  defined  abnormal 
high  72  signal  in  the  adjacent  extraosseous  soft  tissues.  Corresponding  abnormal  Gd-contrast  enhancement  is  seen  in  the  marrow  and  adjacent  soft 
tissues  on  coronal  FS  Tl-welghted  imaging  (c). 
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Flg.10.77  A 14-year-old  girl  with  a giant  cell  reparative  granuloma  (solid  aneurysmal  bone  cyst)  Involving  the  medial  portion  of  the  proximal  tlblal 
shaft.  Anteroposterior  radiograph  (a)  shows  a well-circumscribed  radlolucent  lesion  with  thin  sdenotic  margins,  thinning  and  slight  expansion  of  the 
bonecortex(annow).  The  lesion  has  mixed  low,  intermediate,  and  high  signal  on  axiai  12-weighted  imaging  (b)  and  shows  heterogeneous  Gd-aontrast 
enhancement  on  coronal  fat-suppressed  T1 -weighted  Imaging  (c).  Poorly  defined  contrast  enhancement  is  also  seen  in  the  marrow  peripheral  to  the 
lesion. 


Fig.  10.78  A 52-year-old  man  with  a giant 
cell  tumor  involving  the  distal  ulna.  Ihe 
radioiuaerrt  lesion  expands  and  thins  bone 
aortex  as  seen  on  radiograph  (a).  The 
lesion  shows  Gd-contrast  enhancement 
on  coronal  fat-suppressed  T1  -weighted 
imaging  (b). 
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Table  10.3  (Cont)  Intramedullaiy  lesions  associated  with  expansion  of  intact  cortical  margins 


Abnormalities 

Chondromyxoid  fibroma 
(►  Rg.  10.79) 


Osteoblastoma 
(►  Rg.  10.80) 


MRI  findings 

Lesions  are  often  slightly  lobulated  with  low- 
intermediate  signal  on  T1  Wl.  intermediate 
signal  on  PDWI,  and  heterogeneous  predomi- 
nantly high  signal  onT2WI.  Thin  low  signal  septa 
within  lesions  on  T2WI  are  secondary  to  fibrous 
strands.  Lesions  are  surrounded  by  low  signal 
borders  representing  thin  sclerotic  reaction. 
Edema  is  not  typically  seen  in  medullary  bone. 
Lesions  show  prominent  diffuse  Cd-contrast 
enhancement. 

Lesions  appear  as  spheroid  or  ovoid  zone 
measuring  greater  than  1 .5  to  2 cm  located 
within  medullary  and/or  cortical  bone  with  low- 
intermediate  signal  on  T1  Wl;  low-intermediate 
to  slightly  high  signal  on  PDWI;  and  low- 
intermediate  and/or  high  signal  on  T2WI  and  F5 
T2WI.  After  Cd-contrast  administration,  osteo- 
blastomas show  vaiiable  degrees  of  enhance- 
ment Expansion  of  thinned  cortical  margins  can 
be  seen  as  well  as  thickening  of  cortical  bone 
and  medullaiy  sclerosis.  Zones  of  sclerotic  bone 
reaction  adjacent  to  osteoblastomas  typically 
show  low  signal  on  T1 W,  T2WI,  and  FS  T2WI. 
Poorly  defined  zones  of  marrow  signal  alteration 
consisting  of  low-intermediate  signal  on  T1WI, 
high  signal  on  T2WI  and  FS  T2WI,  and  corre- 
sponding Cd-contrast  enhancement  can  be 
seen  in  the  marrow  adjacent  to  osteoblastomas 
as  well  as  within  the  extraosseous  soft  tissues. 


Comments 

Rare  benign  slow-growing  bone  lesions  that 
contain  chondroid,  myxoid,  and  fibrous  com- 
ponents. Chondromyxoid  fibromas  represent  2 
to  4%  of  primary  benign  bone  lesions,  and<  \% 
of  primary  bone  lesions.  Most  chondromyxoid 
fibromas  occur  between  the  ages  of  1 and  40 
years,  with  a median  of  17  years,  and  peak 
incidence  in  the  second  to  third  decades. 


Rare  benign  bone-forming  tumors  which  are 
histologically  related  to  osteoid  osteomas. 
Osteoblastomas  are  larger  than  osteoid  osteo- 
mas and  show  progressive  enlargement 
Account  for  3 to  6%  of  primary  benign  bone 
tumors  and<1  to  2%  of  all  primary  bone 
tumors.  Occurs  in  patients  age  1 to  30  years, 
median  = 15  years,  mean  age=  20  years. 
Approximately  9055  of  lesions  occur  in  patients 
less  than  30  years. 


(continued  on  page  3 84) 
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Fig,  10,79  A 39ye0r-old  woman  with 
diondromyaoid  fibroma  in  tiie  distal 
femur.  Anteroposterior  radiograph  (a) 
shows  a radlolucent  well-circumscribed 
eccentiic  lesion  in  tiie  femur  with  ridges 
associated  with  slight  expansion  and 
thinning  of  the  overlying  cortex  (arrow). 
The  lesion  has  high  signal  on  anal  12- 
weighted  imaging  (b)  and  shows  promi- 
nent gadolinium-contrast  enhancement 
on  axial  (c)  and  coronal  fat-suppressed  T1- 
weighted  imaging  (d). 


Fig,  10.80  A 24-year-old  man  with  an 
osteoblastoma  Involving  the  distal  tibia. 
The  lesion  thins  and  expands  bone  cortex 
(anew)  on  lateral  radiograph  (a).  The 
lesion  (arrow)  has  heterogeneous  low  and 
Intermediate  signal  on  sagittal  T1- 
weighted  imaging  (T1WI)  (b).  and  has 
heterogeneous  signal  with  zones  of  high 
and  low  signal  on  sagittal  fat-suppressed 
12-weighted  imaging  (FS 12WI)  (c).  The 
tumor  shows  prominent  heterogeneous 
gadolinium-contrast  enhancement  on 
sagittal  FS  T1WI  (d).  Poorly  defined  aones 
of  high  signal  on  FS  T2WI  and  contrast 
enhancement  are  seen  In  tiie  marrow  and 
soft  tissues  adjacent  to  the  lesion. 
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Table  10.3  (Cont.)  Intramedullary  lesions  associated  with  expansion  of  Intact  cortical  margins 


Abnormalities 

MR]  findings 

Comments 

Hemangioma 
(►  Fig.  10.81) 

Often  well-circumscribed  lesions,  which  often 
have  intermediate  to  high  signal  on  T1  Wl,  PDW1, 
T2WI,  and  FS  T2WI.  Hemangiomas  usually  show 
Gd-aontrast  enhancement  (mild  to  prominent). 
Expansion  of  cortical  margins  can  occasionally 
occur  witii  intraossous  hemangiomas. 

Benign  lesions  of  bone  and  soft  tissues  com- 
posed of  capillary,  cavernous,  and/or  malformed 
venous  vessels.  Consideied  to  be  a hamartom- 
atous  dlsoider,  account  for  2 to  435  of  benign 
bone  tumors  and  approximately  1%  of  all  bone 
tumors. 

Chondroblastoma 
( Fig.  10.82) 

Tumors  often  have  fine  lobular  margins  and 
typically  have  low-intermediate  heterogeneous 
signal  on  T1WI,  and  mixed  low.  Intermediate, 
and/or  high  signal  on  12WI.  Areas  of  low  signal 
on  T2WI  are  secondary  to  chondroid  matin' x 
mineralization,  and/or  hemosiderin.  Lobular, 
marginal,  or  septal  Gd-contrast  enhancement 
patterns  can  be  seen.  Tumors  may  have  tiiin 
margins  of  low  signal  on  T2 Wl  representing 
sdeiotlc  borders.  Bone  expansion  can  occa- 
sionally occur.  Poorly  defined  zones  of  high 
signal  on  T7W1  and  corresponding  Gd-contrast 
enhancement  can  be  seen  in  die  adjacent 
marrow  and  extraosseous  soft  tissues. 

Benign  cartilaginous  tumors  with  diondioblast- 
like  cells  and  areas  of  chondroid  matrix  forma- 
tion. Accounts  for  5 to  9%  of  benign  bone 
lesions  and  1 to  335  of  all  primary  bone  tumors; 
patients  range  in  age  from  1 0 to  30  years, 
median  - 17  years. 

Ameloblastoma 
(►  Rg.  10.83) 

lesions  are  often  radlolucent  wldi  associated 
bone  expansion  and  cortical  thinning  on  Cl. 
Tumors  often  have  drcumscribed  margins  and 
can  show  mixed  low,  intermediate,  and/or  high 
signal  on  T1WI.12WI,  and  FS  T7W1.  Lesions  can 
show  heterogeneous  Gd-contrast  enhance- 
ment 

Ameloblastomas  are  slow-growing  solid  and 
cystic  bone  tumors  that  contain  epldiellold  cells 
(basaloid  and/or  squamous  types)  associated 
with  regions  of  spindle  cells  and  fibrous  stroma. 
These  tumors  occur  In  the  mandible  and  m axilla 
and  typically  lack  metastatic  potential. 

Desmoplastic  fibroma 
( Fig.  10.84) 

iobulated  lesions  with  abrupt  zones  of  transi- 
tion. lesions  usually  have  low-intermediate 
signal  on  T1WI,  Intennediate  signal  on  PDWI, 
heterogeneous  Intennediate  to  high  signal  on 
12WI.  Lesions  may  have  internal  or  peripheral 
aones  of  low  signal  on  T1WI  and  T2W1  second- 
ary to  dense  collagenous  parts  of  die  lesions 
and/or  foci  witii  high  signal  onT2WI  from  cystic 
tones.  Thin  curvilinear  zones  of  low  signal  on 
12WI  can  be  seen  at  die  margins  of  die  lesions, 
lesions  show  variable  degrees  and  patterns  of 
Gd-contrast  enhancement 

Represent  rare  intraosseous  desmoid  tumors, 
which  are  composed  of  benign  fibrous,  tissue 
with  elongated  or  spindle-shaped  cells  adjacent 
to  collagen.  Account  for<  IX  of  primary  bone 
lesions.  Occur  in  patients  age  1 to  71  years, 
moan  - 20  years,  median -34  years,  peak 
second  decade. 

(continued  on  poge  386) 
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Fig.  10.81  A 33-yoar-old  woman  with  a 
hemangioma  Involving  the  skull.  The 
circumscribed  lesion  contains  thickened 
trabeculae  In  a ^spoke-wheel  pattern* 
within  a radlolucent  zone  (arrow).  The 
lesion  is  associated  with  expansion  and 
thinning  of  both  die  inner  and  outer 
tables  of  die  skull  on  axial  computed 
tomography  (a).  The  lesion  shows  heter- 
ogeneous gadolinium-contrast  enhance- 
ment on  coronal  T1 -weighted  Imaging  (b). 
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Fig.  10.82  A 17-ycar-old  boy  with  chondroblastoma  Involving  die  epiphysis  of  die  femoral  head.  The  radlolucent  lesion  expands  and  thins  the  medial 
•ordeal  maigln  (anew)  as  seen  on  radiograph  (a).  The  lesion  has  a tiiln  peripheral  zone  of  low  signal  on  coronal  Tl-welghted  Imaging  (T1WI)  (b)  and 
coronal  fat-suppressed  T2 -weighted  Imaging  (FS T2WI)  (c).  The  lesion  has  low-intermediate  signal  on  T1WI,  and  has  both  zones  of  Intermediate  and 
high  signal  and  FS  T2WI  (arrow),  as  well  as  in  die  adjacent  marrow.  Thinning  and  expansion  of  tire  cortex  are  seen  as  well  as  a joint  flluid  collection. 


Fig.  10.83  A 70-year-old  woman  wltii 
ameloblastoma  involving  die  right  man- 
dible. Axial  computed  tomographic  image 
shows  a radiolucent  lesion  with  expansion 
and  thinning  of  coitical  bone  (arrow)  (a). 
The  lesion  (arrow)  has  mosdy  high  signal 
with  small  zones  of  low  and  intermediate 
signal  on  axial  12-weighted  imaging  (b). 


Fig.  10.84  A 33-year-old  woman  with  a desmoplastic  fibroma  Involving  die  L5  vertebral  body,  right  pedicle,  and  tr  ansverse  process.  Coronal  (a)  and 
axial  (b)  computed  tomographic  Images  show  an  expansile  radlolucent  lesion  with  a tiiln  peripheral  shell  of  bone  (arrow).  The  lesion  has  mixed  signal 
with  zones  of  intermediate,  slightly  high.  high,  and  low  signal  (arrow)  on  axial  12-weighted  imaging  (c). 
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Table  10.3  (Cont)  Intramedullary  lesions  associated  with  expansion  of  intact  cortical  margins 


Abnormalities 

Osteofibrous  dysplasia 
(►  Fig.  10.85) 


Gaucher  disease 
(►  Fig.  10.86) 


MRI  findings 

Multiple  irregular  intracortical  aones  of  low- 
intermediate  signal  on  T1  W images,  interme- 
diate to  slightly  high  signal  on  PDWI,  and  high 
signal  on  T2WI  and  FS  T2WI  separated  by 
irregular  aones  of  low  signal  on  T1  Wl  and  T2WI, 
the  latter  representing  thickened  sclerotic  cor- 
tical bone.  Zones  of  low  signal  on  T1  Wl  and 
T2WI  of  varying  thickness  are  typically  seen 
superficial  and  deep  to  the  lesions  representing 
sclerotic  bone  reaction.  The  outer  cortical 
margins  can  be  expanded  and  thinned.  The 
intracortical  lesions  usually  show  prominent  Gd- 
contrast  enhancement.  Thin  juxtacortical/peri- 
osteal  enhancement  may  be  seen  in  lesions  with 
thinned  and  expanded  cortical  margins.  Promi- 
nent diffuse  high  signal  on  T2WI  and  marrow 
enhancement  are  seen  for  lesions  with  acute/ 
subacute  pathological  fractures. 

Diffuse  and/or  patehy  heterogeneous  zones 
with  low-intermediate  signal  on  T1  Wl,  and 
heterogeneous  intermediate  to  high  signal  on 


T2WI  and  FS  T2WI. 


Hemophilic  pseudotumor  Can  appear  as  expansile  radiolucent  lesions  on 

radiographs  and  CT.  Lesions  usually  have  mixed 
low,  intermediate,  and  high  signal  on  T1  Wl  and 
T2WI,  as  well  as  fluid-fluid  levels. 

Brown  tumor  Lesions  are  usually  radiolucent  on  radiographs 

and  CT.  Lesions  often  have  low-intermediate 
signal  on  T1  Wl,  intermediate  to  slightly  high 
signal  on  T2WI,  and  typically  show  Gd-contrast 
enhancement.  Zones  of  low  signal  on  T2WI  may 
occur  from  hemosiderin.  Expansion  of  aortical 
margins  can  occur  with  or  without  cortical 
disruption/destruction. 


Comments 

Rare  self -limited  benign  fibro-osseous  lesion 
primarily  involving  the  anterior  midshaft  of  the 
tibial  cortex  in  children.  Osteofibrous  dysplasia 
represents  rare  bone  lesions  that  typically 
involve  the  cortex  of  the  tibia  and/or  fibula  in 
children  and  adolescents. 


Rare,  heritable  metabolic  disorder  with  deficient 
activity  of  the  lysosomal  enzyme-hydrolase 
beta-glucosidase.  Results  in  accumulation  of  the 
lipid-glucosyllaeramide  within  lysosomes  of  the 
monocyte-macrophage  system  (Gaucher  cells) 
of  the  bone  marrow,  liver,  and  spleen.  Marrow 
infiltration  by  Gaucher  cells  often  results  in 
zones  of  ischemia  and  bone  infarction. 

Lesions  can  occur  within  bone  (femur,  pelvis, 
tibia,  hand)  or  soft  tissue  in  1 to  2%  of  patients 
with  factor  VIII  or  IX  deficiency.  Enlarging  lesions 
may  require  surgical  resection. 

Lesions  in  bone  contain  multinudeated  giant 
cells,  fibrous  tissue,  blood  vessels,  and  aones  of 
hemorrhage/hemosiderin.  Histological  and 
imaging  features  are  similar  to  giant  cell 
reparative  granulomas.  Most  often  involves  ribs, 
mandible,  clavicle,  pelvis,  craniofacial  bones, 
and  vertebrae.  Can  result  from  primaiy  hyper- 
parathyroidism (3  to  7%)  (oversecretion  of 
parathyroid  hormone  [PTH]  from  parathyroid 
adenoma  associated  with  hypercalcemia),  sec- 
ondary type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertiary  type  in  which  the 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  parathyroid  gland 
hyperplasia. 

(continued  on  page  3 88) 
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Flg.10.85  An  18^ye0rold  woman  with  osteoflbrous  dysplasia  Involving  die  anterior  tfblal  cortex.  Intiacortical  Intermediate  to  slightly  high  signal 
(arrows)  is  seen  in  the  lesion  on  axial  proton  density-weighted  imaging  (a)  with  corresponding  prominent  gadolinium-contrast  enhancement  on  axial 
fat-suppressed  Tl-weighted  imaging  (b).  The  outer  cortical  margin  is  expanded  and  martediy  thinned. 


' It 
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If 

1 
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F1g.10.86  A 34-yaar-ok)  woman  witli 
Gaucher  disease.  Heterogeneous  signal  Is 
seen  in  the  marrow  of  the  proximal  femur 
on  coronal  proton  density-vweighted 
imaging  (a)  and  short  T1  Inversion  recov- 
ery (b),  as  well  as  trabecular  disruption, 
and  thinning  and  expansion  of  cortical 
bone  laterally. 
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Table  10.3  (Cont)  Intramedullary  lesions  associated  with  expansion  of  intact  cortical  margins 

Abnormalities 

MRI  findings 

Comments 

Malignant  lesions 

Adamantinoma 
(►  Fig.  10.87) 

Can  appear  as  a solitary  lobulated  focus  versus 
multinodular  pattern  of  signal  alteration  in 
thickened  bone  corbex.  More  than  half  involve 
bone  cortex  and  marrow  compared  with  only 
cortical  involvement.  Bone  cortex  can  be 
expanded  and  thinned.  Tumor  foci  in  bone 
typically  have  low-intennediate  signal  on  T1WI 
and  PDWI,  and  slightly  high  to  high  signal  on 
T2WI  and  FS  T2WI.  Lesions  usually  show 
prominent  Gd-contrast  enhancement.  Ada- 
mantinomas with  a multinodular  pattern  have 
enhancing  nodules  that  have  high  signal  on 
T2WI  and  FS  T2WI  separated  by  aones  of  low 
signal  from  intervening  cortical  bone. 

Rare  low-grade  malignant  bone  tumors  con- 
sisting of  epithelial  cells  surrounded  by  spindle 
cells  and  osteofibrous  tissue  that  often  involve 
the  shaft  of  the  tibia.  Account  for<  }%  of 
primary  bone  tumors.  Patients  range  in  age 
from  3 to  86  years,  median  = 1 9 to  25  years, 
average  -35  years,  most  common  in  third  and 
fourth  decades. 

Other  malignant  lesions 
(►  Fig.  10.88) 

Tumors  may  have  poorly  defined  or  sharp 
margins  and  often  have  low-intermediate  signal 
on  T1WI  with  heterogeneous  intermediate-high 
signal  onT2WI  and  FS  T2WI.  Lesions  often  show 
prominent  heterogeneous  Gd-contrast 
enhancement. 

Primary  and  metastatic  tumors  may  initially 
show  expansion  of  thinned  intact  eortical 
margins  followed  by  eventual  exb  aosseous 
extension  of  tumor  through  zones  of  cortical 
destruction.  Hemangioendotheliomas  and 
metastases  from  tumors  such  as  renal  cell 

carcinoma,  breast,  and  lung  carcinomas  can 
show  this  pattern. 
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Flg.10.87  A 23-year-old  woman  with  an 
adamantinoma  of  the  tibial  diaphysis.  The 
lesion  has  Intermediate  signal  on  sagittal 
proton  density-weighted  Imaging  (a)  and 
high  signal  on  sagittal  fat-suppressed  T2- 
welghted  Imaging  (b).  There  Ks  thinning 
and  expansion  of  cortical  bone  as  well  as 
tumor  extension  toward  the  marrow. 


F1g.10.88  Metastatic  lesion  In  the  proxi- 
mal femur.  Anteroposterior  radiograph 
shows  a radiolueent  lesion  with  partial 
sdeiotlc  margins  and  cortical  thinning 
(anew)  (a).  Coronal  fat-suppressed  T2- 
welghted  Imaging  (b)  shows  the  lesion  to 
have  heterogeneous  high  signal  that 
extends  beyond  the  sclerotic  margins  and 
Is  associated  with  thinning  and  slight 
expansion  of  bone  cortex  medially. 
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10.4  Intramedullary  Lesions 
Associated  with  Cortical 
Destruction  and  Extraosseous 
Extension 

• Nonmalignant  lesions 
o Osteomyelitis 

o Chronic  recurrent  multifocal  osteomyelitis 
o Eosinophilic  granuloma 
° Sarcoidosis 

o Nonmalignant  giant  cell  tumor 

o Sickle  cell  disease  with  adjacent  extramedullary  hematopoi- 
esis 

o Brown  tumor 
o Atypical  hemangioma 


• Malignant  lesions 
o Metastatic  tumor 
o Myeloma/plasmacyloma 
o Leukemia 
o Lymphoma 
o Osteosarcoma 
o Chondrosarcoma 
o Ewing  sarcoma 
o Chordoma 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Malignant  giant  cell  tumor 
o Hemangioendothelioma 
o Hemangiopericytoma 
o Liposarcoma 
o Paget  sarcoma 


Table  10.4  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 

Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Osteomyelitis 
(►  Fig.  10.89) 

Poorly  defined  aones  with  high  signal  on  72- 
weighted  imaging  (T2WI)  and  fat-suppressed 
(FS)  T2WI  and  gadolinium  (Gd)-contrast 
enhancement  are  seen  in  marrow  with  associ- 
ated zones  of  cortical  destruction.  Periosteal 
reaction  can  be  seen  as  a peripheral  rim  of  high 
signal  on  T2WI  and  FS  T2WI  and  Gd-contrast 
enhancement  on  FS  T1  -weighted  imaging 
adjacent  to  the  low  signal  of  cortical  bone.  A 
subperiosteal  absaess  with  high  signal  on  T2WI 
and  FS  T2WI  can  often  be  seen  elevating  a 
single  low  signal  thin  band  of  periosteum. 

Infection  of  bone,  which  can  result  from 
hematogenous  spread  of  microorganisms, 
trauma-direct  inoculation,  extension  from  adja- 
cent tissues,  and  complications  from  surgery. 
Staphylococcus  aureus  and  Streptococcus  pyo- 
genes are  the  most  common  bacterial  infections 
involving  bone.  Osteomyelitis  can  also  result 
from  other  bacteria  as  well  as  from  tuberculosis, 
fungi,  parasites,  and  viruses. 

Chronic  recurrent  mutifocal  osteomyelitis 
(►  Fig.  10.90) 

Multifocal  lesions  that  occur  in  metaphyses  of 
tubular  bones  (distal  femur,  proximal  and  distal 
tibia  and  fibula),  clavicles,  and  vertebrae. 
Radiographs  show  radiolucent  and/or  sclerotic 
osseous  lesions  with  proliferative  periosteal 
bone  formation.  Magnetic  resonance  imaging 
(MRI)  shows  heterogeneous  abnormal  high 
signal  on  FS  T2WI  in  marrow  and  periosteal  soft 
tissues  with  Gd-contrast  enhancement. 

Painful  inflammatory  osseous  disorder  of 
unknown  cause  with  histopathology  of  acute 
and  chronic  osteomyelitis  without  identification 
of  infectious  agent,  diagnosis  of  exclusion. 

Usually  occurs  in  children  and  adolescents, 
median  age=  10  years,  F 85%/M  15%.  Multi- 
episodic  skeletal  disorder  of  unknown  cause  that 
can  occur  over  7 to  25  years.  Treatment  of 
symptoms  with  nonsteroidal  anti-inflammatory 
drugs.  Can  be  associated  with  acne  or  pustulosis 
palmoplantaris  (SAPHO). 

(continued  o/i  page  392) 


390 


Lesions  Involving  Bones 


Fig.  10.89  A 14-yw-okJ  male  with  osteomyelitis  involving  the  first  metatarsal  bone.  Poorly  defined  zones  of  low-intermediate  signal  on  coronal  T1- 
weighted  imaging  (T1W1)  (a),  high  signal  on  coronal  fat-suppressed  (FS)  12-weighted  imaging  (FS  T2W1)  (b)  and  gadolinium-contrastenhancementon 
FS  T1WI  (c)  are  seen  within  the  marrow  and  extraosseous  soft  tissues.  Zones  of  cortical  bone  disruption  are  also  seen. 


Fig.  10.90  Chronic  recurrent  multifocal  osteomyelitis  involving  the  davlde.  Heterogeneous  low  and  Intermediate  signal  on  Tl-weighted  Imaging 
(T1WI)  (a)  and  heterogenenous  contrast  enhancement  on  fat-suppressed  T1WI  (b)  am  seen  involving  thickened  bone  cortex  and  within  bone  marrow 
(arrows). 
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Table  10.4  (Cont)  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 


MRI  findings 


Comments 


Eosinophilic  granuloma 
(►  Fig.  10.91) 


Sarcoidosis 
(►  Fig.  10.92) 


Focal  intramedullary  lesion(s)  associated  with 
trabecular  and  cortical  bone  destruction,  which 
typically  have  low-intermediate  signal  on  T1  Wl 
and  proton  density-weighted  imaging  (PDWI); 
and  heterogeneous  slightly  high  to  high  signal 
on  T2WI.  Poorly  defined  zones  of  high  signal  on 
T2WI  are  usually  seen  in  the  marrow  peripheral 
to  the  lesions  secondary  to  inflammatory 
changes.  Extension  of  lesions  from  the  marrow 
into  adjacent  soft  tissues  through  areas  of 
cortical  disruption  are  commonly  seen  as  well  as 
linear  periosteal  zones  of  high  signal  on  T2WI. 
Lesions  typically  show  prominent  Gd-contrast 
enhancement  in  marrow  and  in  extraosseous 
soft  tissue  portions  of  the  lesions. 

Lesions  usually  appear  as  intramedullary  zones 
with  low  to  intermediate  signal  on  T1WI  and 
slightly  high  to  high  signal  onT2WI  and  FS  PDWI 
and  FS  T2WI.  Erosions  and  zones  of  destruction 
involving  adjacent  bone  cortex  can  occur  with 
or  without  extraosseous  extension  of  the 
granulomatous  process.  After  Gd-contrast 
administration,  lesions  typically  show  moderate 
to  prominent  enhancement. 


Benign  tumor-like  lesions  consisting  of  Langer- 
hans  cells  (histiocytes),  and  variable  amounts  of 
lymphocytes,  polymorphonuclear  cells,  and 
eosinophils.  Account  for  1%  of  primary  bone 
lesions,  and  8%  of  tumor-like  lesions.  Occurs  in 
patients  with  median  age  -10  years,  aver- 
age-13.5 years,  peak  incidence  is  between  5 
and  1 0 years,  80  to  85%  occur  in  patients  less 
than  30  years. 


Chronic  systemic  granulomatous  disease  of 
unknown  etiology  in  which  noncaseating 
granulomas  occur  in  various  tissues  and  organs 
including  bone. 


(continued  on  page  3 94) 
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Fig,  10.91  A 5-year-old  boy  with  an  eosi- 
nophilic granuloma  involving  tile  distal 
humerus.  Radiograph  shows  a radiolucent 
Intramedullary  lesion  associated  with  lin- 
ear periosteal  reaction  (arrows)  (a).  The 
lesion  In  die  marrow  has  high  signal  on 
coronal  fat-suppressed  (F5)  12-welghted 
imaging  (b)  and  shows  prominent  Gd- 
contrast  enhancement  on  coronal  (c)  and 
axial  FS  Tl-welghted  Imaging  (d).  The 
lesion  is  associated  with  cortical  bone 
desbxiction,  periosteal  elevation,  and 
extraossseous  extension  Into  the  adjacent 
soft  tissues. 


Flg.10.92  A 31-ycar-old  man  with  sar- 
coidosis Involving  the  dorsal  Inferior  por- 
tion of  tire  calcaneus.  The  lesion  in  tire 
marrow  has  high  signal  (arrow)  on  sagittal 
fat-suppressed  (F5)  T2-welghted  Imaging 
(a)  and  shows  Gd-conb  ast  enhancement 
on  sagittal  FS  Tl-weighted  imaging  (b). 
The  lesion  Is  associated  wftii  erosion  of 
cortical  bone  with  extension  into  tire 
adjacent  soft  tissues. 
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Table  10.4  (Cont)  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 

Nonmalignant  giant  cell  tumor 
(►  Fig.  10.93) 


Sickle  cell  disease  with  adjacent  extramedullary 

hematopoiesis 

(►  Fig.  10.94) 


Brown  tumor 


MRI  findings 

Usually  well-defined  lesions  with  thin  low  signal 
margins  on  T1  Wl.  PDWI,  and  T2 Wl.  Solid 
poitions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1  Wl  and  PDWI,  inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  FS  PDWI  and  FS  T2WI.  Signal  heterogeneity 
on  T2WI  is  common.  Aneurysmal  bone  cysts  can 
be  seen  in  14%  of  giant  cell  tumors.  Varying 
degrees  of  Gd-contrast  enhancement  can  be 
seen  in  the  lesions,  as  well  as  peripheral  rimlike 
enhancement  around  cystic  zones/aneurysmal 
bone  cysts.  Poorly  defined  zones  of  enhance- 
ment and  high  signal  on  FS  T2WI  may  also  be 
seen  in  the  marrow  peripheral  to  the  lesions 
secondary  to  reactive  inflammatoiy  changes 
from  elevated  tumor  prostaglandin  levels. 

Lesions  can  have  low,  intermediate,  and/or  high 
signal  on  T1  Wl  and  T2WI  depending  on  the 
proportions  and  distribution  of  fat  and  red 
marrow.  Lesions  may  be  seen  extending  from 
marrow  through  zones  of  cortical  disruption,  or 
as  isolated  abnormalities. 


Lesions  are  usually  radiolucent  on  radiographs 
and  computed  tomography  (CT).  Lesions  often 
have  low-intermediate  signal  on  T1WI,  inter- 
mediate to  slightly  high  signal  on  T2WI,  and 
typically  show  Gd-contrast  enhancement  Zones 
of  low  signal  on  T2WI  may  occur  from  hemo- 
sideiin.  Expansion  of  coitical  margins  can  occur 
with  or  without  cortical  disruption/destruction. 


Comments 

Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononuclear  cells  and  scattered  multi- 
nucleated  osteoclast-like  giant  cells  (derived 
from  fusion  of  marrow  mononuclear  cells).  Up  to 
10%  of  all  giant  cell  tumors  are  malignant 
Benign  giant  cell  tumors  account  for  approxi- 
mately 5 to  9.5%  of  all  bone  tumors  and  up  to 
23%  of  benign  bone  tumors.  Occurs  in  patients 
age  4 to  81  years  (median  = 30  years),  75%  occur 
in  patients  between  the  ages  of  1 5 and  45. 


Represents  proliferation  of  erythroid  precursors 
outside  of  medullary  bone  secondary  to  physi- 
ological compensation  for  abnormal  medullary 
hematopoiesis  from  congenital  disorders  such 
as  hemoglobinopathies  (Sickle  cell,  thalassemia, 
etc.)  as  well  as  acquired  disorders  such  as 
myelofibrosis,  leukemia,  lymphoma,  myeloma, 
or  metastatic  carcinoma. 

Lesions  in  bone  containing  multinucleated  giant 
cells,  fibrous  tissue,  blood  vessels,  and  zones  of 
hemorrhage/hemosiderin.  Histological  and 
imaging  features  are  similar  to  giant  cell 
reparative  granulomas.  Can  result  horn  primary 
hyperparathyroidism  (3  to  7%)  (oversecretion  of 
parathyroid  hoimone  [PTH]  from  parathyroid 
adenoma  associated  with  hypercalcemia),  sec- 
ondary type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertiary  type  in  which  the 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  parathyroid  gland 
hyperplasia. 


(continued  on  page  396) 
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Fig.  10.93  A 19-ycar-old  woman  with  a giant  cell  tumor  In  the  distal  radius  as  seen  as  a radlolocent  lesion  with  ill-defined  margins  (a),  and  zones  of 
•ordeal  destruction  on  radiograph  (b).  The  tumor  extends  through  destroyed  bone  aorlexand  has  high  signal  on  coronal  fat-suppressed  (FS)  12- 
weighted  imaging  and  shows  gadolinium-contrast  enhancement  on  axial  FS  Tl-weighted  imaging  (c). 


b 


Flg.10.94  A 56-year-old  man  with  sickle 
cell  diseae  and  extramedullary  hemato- 
poiesis. Ihe  lesions  (arrows)  have  signal 
comparable  to  die  Intraosseous  marrow 
on  coronal  (a)  and  axial  Tl-weighted 
imaging  (c)  and  coronal  (b)  and  axial  T2- 
welghted  Imaging  (d).  Small  sites  of 
cortical  disruption  are  seen  on  the  axial 
images. 
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Table  10*4  (Cent)  intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  ettemkn 


Abnormalities 

MR]  findings 

Comment! 

Atypical  hemangioma 
( Fig.  10.95) 

Rare  intraosseous  hemangiomas  may  be  asso- 
ciated with  cortical  disruption  and  extraosseous 
extension,  lesions  can  have  low-intennediate 
signal  on  T1WI,  and  usually  have  high  signal  on 
12WI  and  F5  T2WI.  lesions  typically  show 
prominent  Gd-contrast  enhancement. 

Benign  hamartomatous  lesions  of  bone  and  soft 
tissues  composed  of  capillary,  cavernous,  and/or 
malformed  venous  vessels.  Account  for  2 to  4% 
of  benign  bone  tumors  and  approximately  1 % of 
all  bone  tumors. 

Metastatic  tumor 
(►  Fig.  10.96) 

Single  or  multiple  well-circumsaibed  or  poorly 
defined  Infiltrative  lesions  Involving  marrow 
associated  with  cortical  destruction  and  extra- 
osseous  extension.  Lesions  often  have  low- 
Intermediate  signal  on  T1WI,  low,  Intermediate* 
and/or  high  signal  onT2WI  and  FS  T1WI,  usually 
show  Cd-contrast  enhancement  Cortical 
destruction  and  tumor  extension  Into  tiie 
extraosseous  soft  tissues  frequently  occurs. 
Pathological  fractures  can  be  associated  with 
metastatic  lesions  Involving  tubular  bones  and 
vertebrae.  Periosteal  reaction  is  uncommon. 

Metastatic  lesions  typically  occur  in  the  marrow 
with  or  without  eaitlcal  cteouction  and  extra- 
osseous tumor  extension. 

Myeloma/ plasmacytoma 
( Fig.  10.97) 

Multiple  myeloma  or  single  plasma  cell  neo- 
plasms (plasmacytoma)  are  well-circumsaibed 
or  poorly  defined  diffuse  initiative  lesions 
involving  marrow,  low-intermediate  signal  on 
T1WI,  Intermediate-high  signal  on  12WI  and  F5 
T2WI,  usually  show  Cd-contrast-enhancement. 
eventual  cortical  bone  destruction,  and  extra- 
osseous  extension. 

Malignant  tumors  composed  of  proliferating 
antlbody-secietlng  plasma  sells  derived  from 
single  clones.  Most  common  primary  neoplasm 
of  bone  in  adults,  median  age -GO  years.  Most 
patients  are  older  than  40  years.  May  have 
variable  destnictlve  or  initiative  changes 
involving  tiie  axial  and/or  appendicular  skeleton. 

Leukemia 
(►  Fig.  10.98) 

Single  or  multiple  well-circumsaibed  or  poorly 
defined  Infiltrative  lesions  Involving  marrow; 
low-intermediate  signal  onTIWI,  Intermediate- 
high  signal  on  T2WI  and  FS  T2WI,  often  shows 
Cd-contrast  enhancement.  ± bone  destruction 
and  extraosseous  extension. 

Lymphoid  neoplasms  with  involvement  of  bone 
marrow  with  tumor  cells  also  In  peripheral 
blood.  In  children  and  adolescents,  acute 
lymphoblastic  leukemia  (ALL)  is  tiie  most  fre- 
quent type.  In  adults,  chronic  lymphocytic 
leulemia  (small  lymphocytic  lymphoma)  Is  the 
most  common  type  of  lymphocytic  leukemia. 
Myelogenous  leukemias  are  neoplasms  derived 
from  abnormal  myeloid  progenitor  cells.  Acute 
myelogenous  leukemia  (AML)  occurs  in  adoles- 
cents and  young  adults,  and  rep rmk 
approximately  20%)  of  childhood  leukemia. 
Chronic  myelogenous  leukemia  (CML)  usually 
affects  adults  older  than  25  years. 

(continued  on  poge  398 J 


Fig.  10.95  A 43-year-old  woman  with  an  atypical  hemangioma  involving  the  posterior  right  marrow  of  tlie  C6  vertebral  body  associated  with  cortical 
bone  disruption  and  extension  into  the  right  anterior  epidural  soft  tissues.  The  lesion  has  high  signal  (arrow)  on  a sagittal  short  Tl  inversion  recovery 
Image  (a)  and  shows  gadolinium-contrast  enhancement  on  sagittal  (b)  and  axial  fat-suppressed  Tl-welghted  Imaging  (arrow)  (c). 
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Flg.10.96  A 63-year-old  woman  with 
metastatic  lung  carcinoma  to  tile  diaphy- 
seal portion  of  die  humerus  associated 
with  aortlcal  destruction  and  extraosceous 
extension  as  seen  on  coronal  (a)  and  axial 
fat-suppressed  T2-welghted  Imaging  (b). 


Fig. 10.97  A 77-year-old  woman  with 
myeloma  in  the  proximal  tibia.  The  inda- 
medullaiy  tumor  has  Intermediate  signal 
on  sagittal  Tl-welghted  Imaging  (a)  and 
high  signal  on  fat-suppressed  12- 
weighted  imaging  (b).  Tumor  is  seen 
extending  tiirough  destroyed  bone  cortex 
into  die  adjacent  soft  tissues. 


Fig.  10.98  Patient  wtth  acute  lympho- 
blasdc  leukemia  wftiiln  the  femoral  and 
tibial  marrow  associated  witii  cortical 
destniction  and  extraosseous  extension  as 
seen  on  sagittal  (a)  and  axial  fat-sup- 
pressed 12 -weighted  imaging  (b). 
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Table  10.4  (Cont.)  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 


MRI  findings 


Comments 


Lymphoma 
(►  Fig.  10.99) 


Osteosarcoma 
(►  Fig.  10.100) 


Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin 
disease  (HD)  within  bone  typically  appear  as 
single  or  multifocal  poorly  defined  or  circum- 
sciibed  intramedullaiy  zones  with  low-intenne- 
diate  signal  onTIWI,  and  intermediate,  slightly 
high,  and/or  high  signal  onT2WI  and  high  signal 
on  FS  T2WI;  often  show  Gd-contrast  enhance- 
ment. Zones  of  cortical  destiuction  may  occur 
associated  with  extraosseous  soft  tissue  exten- 
sion. HD  involving  bone  with  associated  sclero- 
sis seen  on  plain  films  or  CT  usually  have  low 
signal  on  T1  Wl  and  variable/mixed  signal  on 
T2WI.  In  some  cases  of  NHL,  intramedullary 
tumor  may  be  associated  with  bulky  extraoss- 
eous lesions  without  extensive  cortical  destruc- 
tion. High-resolution  MRI  in  these  cases  shows 
thin  penetrating  channels  of  tumor  extending 
through  bone  cortex  into  the  extraosseous  soft 
tissues. 

Destructive  intramedullary  malignant  lesions, 
low-intermediate  signal  on  T1WI,  mixed  low, 
intermediate,  high  signal  on  T2WI,  usually  with 
matrix  mineralization/ossification-low  signal  on 
T2  W images,  usually  show  Gd-contrast 
enhancement  (usually  heterogeneous).  Zones  of 
cortical  destruction  are  common  through  which 
tumors  extend  into  the  extraosseous  soft  tissues 
under  an  elevated  periosteum.  Lamellated  and/ 
or  spiculated  zones  of  bone  formation  can  occur 
under  the  peiiosteal  elevation  secondary  to 
tumor  invasion  and  perforation  of  bone  cortex. 
Low  signal  from  spicules  of  periosteal,  reactive, 
and  tumoral  bone  formation  may  have  a 
divergent  (sunburst)  pattern,  perpendicular 
(hair  on  end)  pattern,  or  disorganized  or 
complex  appearance.  Triangular  zones  of  peri- 
osteal elevation  (Codman  triangles)  can  be  seen 
at  the  borders  of  zones  of  cortical  destruction 
and  tumor  extension. 


Lymphoid  tumors  with  neoplastic  cells  typically 
within  lymphoid  tissue  (lymph  nodes  and 
reticuloendothel  ial  organs).  Unlike  leukemia, 
lymphoma  usually  arises  as  discrete  masses. 
Lymphomas  are  subdivided  into  HD  and  NHL. 
Almost  all  primary  lymphomas  of  bone  are  B cell 
NHL.  HD,  mean  age=  32  years.  Osseous  NHL, 
median  = 35  years. 


Malignant  tumor  composed  of  proliferating 
neoplastic  spindle  cells  that  produce  osteoid 
and/or  immature  tumoral  bone  and  which  most 
frequently  arise  within  medullary  bone  (meta- 
diaphyseal  > metaphyseal  > diaphyseal  loca- 
tions). Two  age  peaks  of  incidence.  The  laiger 
peak  occurs  between  the  ages  of  10  and  20  and 
accounts  for  over  half  of  the  cases.  The  second 
smaller  peak  occurs  in  adults  over  60  years  and 
accounts  for  approximately  10%  of  the  cases. 
Occurs  in  children  as  primary  tumors  and  adults 
(associated  with  Paget  disease,  irradiated  bone, 
chronic  osteomyelitis,  osteoblastoma,  giant  cell 
tumor,  fibrous  dysplasia). 


(continued  on  page  400) 
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Fig.  10.99  Large  B-aell  non-Hodgkin  lymphoma  In  the  distal  femoral 
marrow  aoobated  with  cortical  destruction  and  extra  osseous  exten- 
sion with  periosteal  elevation  (arrows)  as  seen  on  coronal  fat- 
suppressed  T2-welghted  Imaging. 


Fig.10.100  Osteosarcoma  In  the  distal 
femoral  marrow  associated  with  cortical 
destruction,  extraosseous  extension,  and 
periosteal  elevation  (arrows)  as  seen  on 
sagittal  Tl-welghted  Imaging  (a)  and  fat- 
suppressed  T2-weighted  imaging  (b). 
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Table  10.4  (Cont)  Intramedullary  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 

MRI  findings 

Comments 

Chondrosarcoma 
(►  Fig.  10.101) 

Intramedullary  tumors  often  have  low-interme- 
diate signal  on  T1  Wl,  intermediate  signal  on 
PDWI,  and  heterogeneous  intermediate-high 
signal  on  T2WI.  Lesions  usually  show  heteroge- 
neous contrast  enhancement.  Zones  of  cortical 
destruction  can  be  seen  with  extraosseous 
extension  of  tumor. 

Chondrosarcomas  are  malignant  tumors  con- 
taining cartilage  formed  within  sarcomatous 
stroma.  Account  for  12  to  21%  of  malignant 
bone  lesions,  21  to  26%  of  piimary  sarcomas  of 
bone,  usually  occurs  between  5 and  91  years  of 
age.  mean  -40  years,  median  - 26  to  59  years. 

(continued  on  page  402) 
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Fig.  10.101  Radiograph  of  a 44-year-old  woman  with  a chondrosarcoma  involving  the  medial  distal  tibia  shows  a zone  of  medullary  and  cortical  bone 
destruction  (arrow)  (a),  intramedullary  tumor  extends  through  destroyed  bone  cortex  into  the  extnaosseous  soft  tissue  and  has  heterogeneous  slightiy 
high  to  high  signal  on  coronal  72-welghted  imaging  (b)  and  a peripheral  lobular  pattern  of  gadolinium-contrast  enhancement  on  coronal  fat- 
suppressed  T1  -weighted  imaging  (c). 
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Table  10.4  (Cont)  Intramedullaiy  lesions  associated  with  cortical  destruction  and  extraosseous  extension 


Abnormalities 

MRI  findings 

Comments 

Ewing  sarcoma 
(►  Fig.  10.102) 

Destructive  malignant  lesions  involving  marrow, 
low-intermediate  signal  on  T1WI,  mixed  low, 
intermediate,  and/or  high  signal  on  T2WI  and  FS 
T2WI,  usually  shows  Gd-contrast  enhancement 
(usually  heterogeneous).  Extraosseous  tumor 
extension  through  sites  of  cortical  destruction  is 
commonly  seen  beneath  an  elevated  perios- 
teum. Thin  striated  zones  of  low  signal  onT2WI 
can  sometimes  be  seen  oriented  perpendicular 
to  the  long  axis  of  the  involved  bone  under  the 
elevated  periosteum  representing  the  hair  on 
end  appearance  of  reactive  bone  formation 
secondary  to  the  tumor.  In  long  bones,  tumors 
are  most  often  located  in  the  diaphyseal  region, 
followed  by  the  metadiaphyseal  region. 

Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  cells  with  round  nuclei. 
Accounts  for  6 to  1 1%  of  piimaiy  malignant 
bone  tumors,  5 to  7%  of  primary  bone  tumors. 
Usually  occurs  between  the  ages  of  5 and  30, 
males  > females,  locally  invasive,  high  metastatic 
potential. 

Chordoma 
(►  Fig.  10.103) 

Tumors  are  often  midline  in  location,  often  have 
lobulated  or  slightly  lobulated  margins.  Lesions 
can  involve  marrow  with  associated  destruction 
of  trabecular  and  cortical  bone  with  extrosseous 
extension.  Chondroid  chordomas  are  either 
midline  or  off-midline  in  location.  Chordomas 
typically  have  low-intermediate  signal  on  T1  Wl 
and  heterogeneous  predominantly  high  signal 
onT2WI.  Chordomas  typically  enhance  with  Gd- 
contrast  often  in  a heterogeneous  pattern. 

Rare  locally  aggressive  slow-growing  low-  to 
intermediate-grade  malignant  tumors  derived 
from  ectopic  notochordal  remnants  along  the 
axial  skeleton.  Chordomas  account  for  2 to  4%  of 
primary  malignant  bone  tumors,  1 to  3%  of  all 
primary  bone  tumors,  and  less  than  1%  of 
intracranial  tumors.  Patients  range  in  age  from  6 
to  84  years,  median  = 58  years. 

Fibrosarcoma 
(►  Fig.  10.104) 

Intramedullaiy  lesions  with  irregu  lar  maigins, 
with  or  without  associated  cortical  destruction 
and/or  extraosseous  soft  tissue  masses.  Lesions 
usually  have  low-intermediate  signal  on  T1WI 
and  PDWI,  and  heterogeneous  intermediate, 
slightly  high,  and/or  high  signal  on  T2WI. 

Lesions  usually  show  heterogeneous  Gd-con- 
trast  enhancement. 

Fibrosarcomas  are  uncommon  malignant  tumors 
consisting  of  bundles  of  neoplastic  fibroblasts/ 
spindle  cells  with  varying  proportions  of  collagen, 
lacking  other  tissue  differentiating  features  such 
as  tumor  bone,  osteoid,  or  cartilage.  Can  be 
primary  lesions  (75%)  or  arise  as  secondaiy 
tumors  (25%)  associated  with  prior  irradiation, 
Paget  disease,  bone  infarct,  chronic  osteomyelitis, 
fibrous  dysplasia,  giant  cell  tumor.  Accounts  for  3 
to  5%  of  primaiy  malignant  bone  tumors  and  2 to 
4%  of  all  bone  tumors,  median  age=  43  years. 

(continued  on  page  404) 
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Fig.  10.102  Radiograph  of  a 10-year-old  girl  with  Ewing  sarcoma  Involving  the  proximal  fibula  shows  permeative  medullary  and  cortical  bone 
destruction  as  well  as  interrupted  periosteal  reaction  (a).  Coronal  (b)  and  axial  fat-suppressed  T2-weighted  imaging  (c)  shows  the  intramedullary 
tumor  with  high  signal  extending  through  destroyed  bone  cortex  into  the  extrao&seous  soft  tissues. 


Fig.  10.103  A 30-year-old  woman  with  a 
chordoma  Involving  the  marrow  of  the 
lower  sacrum  associated  with  cortical 
bone  destruction  and  tumor  extension 
into  the  adjacent  soft  tissues.  The  tumor 
has  mostly  Intermediate  signal  on  sagittal 
T1-weighted  imaging  (a)  and  heteroge- 
neous mostly  high  signal  on  sagittal  fat- 
suppressed  12-welghted  Imaging  (b). 


Rg.  10.104  A 25-year-old  man  wldi  fibrosarcoma  extending  from  the  posterior  elements  of  the  13  vertebra  Into  the  adjacent  soft  tissues  through 
destroyed  bone  cortex.  Ihe  tumor  has  intermediate  signal  on  sagittal  Tl-weighted  imaging  (T1WI)  (a),  heterogeneous  mostly  high  signal  on  axial 
T2-welghted  Imaging  (b)»  and  shows  heterogeneous  Gd-oontrast  enhancement  (arrows)  on  axial  fat-suppresed  T1WI  (c). 
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Abnormalities 


MR] 


Comment! 


Malignant  fibrous  histiocytoma 
(►  Fig,  10,105) 


Malignant  giant  cell  tumor 
(►  Fig.  10.106) 


Hemangioendothelioma 
(►  Fig.  10.107) 


Intramedullary  lesions  with  Irregular  margins 
and  zones  of  cortical  destruction  and  extraoss- 
eous  extension.  Tumors  often  have  low  inter- 
medlate  signal  onTI  Wl;  low-intermediate  signal 
on  POWI,  and  heterogeneous  Intermediate-high 
signal  on  17 Wl  and  FS 17 Wl.  Invasion  into  joinls 
occurs  In  30%.  May  be  associated  with  bone 
Infarcts,  bone  cysts,  chronic  osteomyelitis, 
Paget  disease,  and  other  treated  primary  bone 
tumors.  Lesions  usually  show  heterogeneous 
Gd-contrast  prominent  enhancement. 
Welkdefined  lesions  with  or  without  thin  low 
signal  maiglns  on  T1WI  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1WI  and  PDWI.  inter- 
mediate to  high  signal  on  12WI,  and  high  signal 
on  FS  PDWI  and  FS  T2WI.  Signal  heterogeneity 
on  12WI  is  not  uncommon.  Aneurysmal  bone 
cysts  are  seen  wftii  14%  of  giant  cell  tumors. 
Lesions  show  mild  to  prominent  variable  and 
often  heterogeneous  Gd-contrast  enhance- 
ment. Poorly  defined  zones  of  enhancement 
and  high  signal  on  FS  12  Wl  may  occasionally  be 
seen  in  the  adjacent  marrow  secondary  to 
Inflammatory  reaction  from  elevated  tumor 
prostaglandin  levels.  Cortical  desbuction  and 
extreoseeous  tumor  extension  are  fiequentiy 
seen. 

Intramedullary  tumors  usually  with  sharp  mar- 
gins that  may  be  slightly  lobulated.  lesions 
often  have  low-intermediate  and/or  high  signal 
on  T1WI  and  PDWI.  and  heterogeneous  Inter- 
mediate-high signal  on  T2WI  and  FS  12WI  with 
or  without  zones  of  low  signal.  Lesions  can  be 
multifocal.  Extraosseous  extension  of  tumor 
through  zones  of  cortical  destruction  commonly 
occur.  Lesions  often  show  prominent  heteroge- 
neous Gd-contrast  enhancement 


Malignant  tumor  InvoMng  soft  tissue  and  rarely 
bone  derived  from  undiFferentiated  mesenchy- 
mal cells.  Contains  cells  with  limited  cellular 
differentiation  such  as  mixtures  of  fibroblasts, 
myofibroblasts,  histiocyte-like  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for 
1 to  5%  of  prlmaiy  malignant  bone  tumors 
and<  1 % to  3 % of  all  prlmaiy  bone  tumors, 
patient  ages  range  from  1 1 to  80  years, 
median  -48  years,  mean  -55  years. 


Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononuclear  cells  and  scattered  multi- 
nucleated  osteoclast-llke  giant  cells.  Up  to  10% 
of  all  giant  cell  tumors  are  malignant  Benign 
giant  cell  tumors  account  for  approximately  5 to 
9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell 
tumors  occur  In  patients  between  the  ages  of  1 5 
and45. 


Low-grade  vasoformative/endothelial  malignant 
neoplasms,  which  are  locally  aggrssive  and 
rarely  metastasize,  compared  with  tire  high- 
grade  endothelial  tumors  such  as  angiosarcoma. 
Account  for  less  than  1%  of  primary  malignant 
bone  tumors.  Patients  range  from  10  to  82 
years,  medlan-36  to  47  years.  Patients  wftii 
multifocal  lesions  tend  to  be  approximately  10 
years  younger  on  average  than  those  with 
unifocal  tumors. 


(continued  on  poge  406) 


Fig.  10.105  A 27-year  old  man  with  a 
malignant  fibrous  histiocytoma  involving 
tiie  proximal  tibia.  Intramedullaiy  tumor 
extends  through  destroyed  bone  cortex 
into  tiie  extraosseous  soft  tissues  and  has 
heterogeneous  mixed  signal  on  coronal 
T2-welghted  Imaging  (a)  and  heteroge- 
neous Gd-contiast  enhancement  on 
coronal  fat-suppressed  T1- weighted 
Imaging  (b). 
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Fig. 10. 106  A 16ysar-old  boy  wtth  a 
malignant  giant  cell  tumor  of  tile  distal 
tibia  associated  wtth  destruction  of  aoitl- 
cal  bone  with  extrao*eous  extension  as 
seen  on  coronal  Tl-wekjhted  imaging  (a) 
and  fat-supprwsed  T2-weighted  Imaging 
(b). 


Fig. 10.107  A 19-year-olld  man  with  hemangioendothelioma  InvoMng  tine  distal  medial  tibia.  The  tumor  causes  medullaiy  and  cortical  bone 
destruction  (arrow)  on  axial  computed  tomography  (a).  The  tumor  has  slightly  high  signal  (arrow)  on  coronal  T2-weighted  imaging  (b)  and  shows 
prominent  Gd-contiast  enhancement  on  coronal  fat-supprroed  T1  -weighted  imaging  (c).  Intramedullary  tumorextendsthrough  sites  of  cortical  bone 
destruction  Into  the  ankle  Joint.  Another  small  hemangendothelloma  Is  also  seen  In  the  distal  marrow  of  the  tibia  more  laterally. 
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Ta We  10*4  (Com.)  intramedullary  lesions  assodated  with  cortical  destruction  and  extraosseous  esfemkn 


Abnormalities  MRI  findings 

Comments 

Hemangiopericytoma  Radlolucent  Intramedullary  lesions  can  have 

(i  Fig.  10.108)  assodated  cortical  destruction  and  soft  tissue 

extension,  lesions  usually  have  low-intermedi- 
ate signal  on  T1 Wl,  intermediate  signal  on 

PDWI,  and  slightly  high  to  high  signal  on  T2WI. 
On  T1WI  and  T2WI,  thin  tubular  signal  voids 
representing  blood  vessels  may  be  seen  wldiln 
and/or  at  die  periphery  of  tumors,  as  well  as 
being  arranged  in"spole-wheei’pattems.  Typi- 
cally show  Gd-contrast  enhancement. 

Rare  malignant  tumors  of  presumed  perlcydc 
origin  that  show  perky tic/myoid  differentiation 
with  variously  shaped  pericytic  cells  (oval,  round, 
spindle-like)  and  adjacent  imegular  branching 
vascular  spaces  lined  by  endothelial  cells.  Can 
occur  in  soft  tissues  and  less  frequently  in  bone. 
Account  for<1%  of  prlmaiy  bone  tumors. 
Patients  range  In  age  from  1 lo  90  years, 
median -40  years. 

Liposarcoma  Tumors  can  have  intermediate  and/or  slightly 

(►  Fig.  10.109)  high  to  high  signal  on  T1  Wl  and  T2WI  and  show 

Gd-oontrast  enhancement 

Malignant  mesenchymal  tumors  containing 
portions  showing  differentiation  into  adipose 
tissue.  Primary  liposarcoma  In  bone  Is  very  rare. 
Median  age =31  years. 

Paget  sarcoma  irregular  zones  of  medullaiy  and  cortical  bone 

(►  Fig.  10.1 10)  destruction  associated  with  an  extraosseous 

soft-tissue  mass-lesion.  The  involved  marrow 
typically  has  low  to  intermediate  signal  on  T1WI 
and  PDWI,  and  low  lo  high  signal  onT2WI. 
Abnormal  Gd-contrast  enhancement  is  seen  in 
the  marrow  as  well  as  In  the  extraosseous  tumor 
extension. 

Paget  disease  is  tire  most  common  bone  disease 

In  older  adults  after  osteoporosis.  Median 
age  = 66  years.  Disordered  bone  resorption  and 
woven  bone  formation  occurs  resulting  in 
osseous  deformity.  Assodated  with  less  than  1% 
risk  for  developing  secondary  sarcomatous 
changes. 

Fig.  10.106  A 78-yean-old  man  wldi  an 
Intraosseous  hemangiopericytoma  Involv- 
ing the  left  iliac  bone  associated  with 
cortical  bone  destruction  and  extraoss- 
eous tumor  extension  (arrow)  as  seen  on 
axial  computed  tomography  (a).  Tumor 
has  intermediate  signal  on  axial  T1- 
wekjhted  Imaging  (T1WI)  (b),  and  slightly 
high  signal  on  coronal  fat-suppressed  (FS) 
T2-weighted  imagingl  (c).  Small  flow 
voids  representing  blood  vessels  are 
seen  within  die  tumor.  The  tumor  shows 
Gd-contrast  enhancement  on  axial  FS 
T1WI  (d). 


406 


Lesions  Involving  Bones 


Ftg.  10.109  An  81-yaar-old  man  with  an  Intraosseous  llposancoma  Involving  a thoracic  vertebra.  Radlolusent  and  sclerotic  changes  (arrow)  are  seen 
within  the  vertebra  as  well  as  cortical  destruction  on  axial  computed  tomography  (a).  Ihe  Intraoseous  tumor  shows  gadollnium-sontiast 
enhancement  on  sagittal  (b)  and  axial  fat-suppressed  Tl-weighted  imaging  (c).  Also  seen  is  cortical  desbuction  with  extraoaseous  tumor  extension 


M 

/ 


Fig. 10. 110  A 71-year-old  woman  with 
Paget  sarcoma  extending  from  the  mar- 
row through  destroyed  bone  cortex  into 
the  extraosseous  soft  tissues  as  seen  on 
sagittal  Tl-weighted  imaging  (a)  and  axial 
□-weighted  imaging  (b). 
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10.5  Solitary  Intramedullary 
Lesions  with  Well-Circumscribed 
Margins 

• Nonmalignant  lesions 
° Hemangioma 
° Nonossifying  fibroma 
° Enchondroma 
o Fibrous  dysplasia 
o Liposclerosing  rnyxofibrous  tumor 
° Unicameral  bone  cyst  (UBC) 

° Aneurysmal  bone  cyst  (ABC) 
o Giant  cell  reparative  granuloma 
° Intraosseous  lipoma 


o Brown  tumor 
o Geode 

o Intraosseous  ganglion 
o Bone  infarct 
o Enostosis/bone  island 
o Giant  cell  tumor  of  bone 
o Ameloblastoma 
o Hemophilic  pseudotumor 
° Desmoplastic  fibroma 
• Malignant  lesions 
o Metastatic  tumor 
o Plasmacytoma 
o Lymphoma 

o Low  grade  chondrosarcoma 
o Malignant  giant  cell  tumor 


Table  10.5  Solitary  Intramedullary  lesions  with  well-circumscribed  margins 

Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Hemangioma 
(►  Fig.  10.111) 

Oden  well-circumscribed  lesions,  which  typi- 
cally have  intermediate  to  high  signal  on  T1- 
weighted  imaging  (T1WI),  proton  density- 
weighted  imaging  (PDWI),  T2-weighted  imag- 
ing (T2WI),  and  fat-suppressed  (FS)  T2WL  On 

T1  Wl,  hemangiomas  usually  have  signal  equal 
to  or  greater  than  adjacent  normal  marrow 
secondary  to  fatty  components.  Usually  show 
gadolinium  (Cd)-contiast  enhancement.  Patho- 
logical fractures  associated  with  intraosseous 
hemangiomas  usually  result  in  low-intermediate 
marrow  signal  on  T1  Wl. 

Common  benign  lesions  of  bone  composed  of 
capillary,  cavernous,  and/or  malformed  venous 
vessels.  Hemangiomas  have  been  considered  to 
be  a hamartomatous  disorder.  Account  for  4%  of 
benign  bone  tumors  and  approximately  1%  of  all 
bone  tumors,  likely  underestimated.  Occurs  in 
all  ages,  median  = 33  years. 

Nonossifying  fibroma 
(►  Fig.  10.112) 

Well-circumscribed  eccentric  intramedullary 
lesions  in  the  dimetaphyseal  regions  of  long 
bones  that  have  mixed  low-intermediate  signal 
on  T1WI,  and  mixed  low,  intermediate,  and/or 
high  signal  on  T2WI,  PDWI,  and  FS  T2WI.  Zones 
of  low  signal  on  T1WI,  PDWI,  and  T2WI  can  be 
seen  in  the  central  portions  of  the  lesions.  Zones 
with  varying  thickness  of  low  signal  on  T1WI, 
PDWI,  and  T2WI  are  seen  at  the  margins  of  the 
lesions  representing  bone  sclerosis.  Internal 
septations  are  commonly  seen  as  aones  of  low 
signal  on  T2WI  in  these  lesions.  Lesions  can 
show  Cd-contrast  enhancement  (heteroge- 
neous > homogeneous  patterns). 

Common  benign  fibrohistiocytic  lesions  in  the 
metaphyseal  portions  of  long  bones  that  are 
composed  of  whorls  of  fibroblastic  cells  com- 
bined with  smaller  amounts  of  multinudeated 
giant  tells  and  xanthomatous  cells.  Usually 
asymptomatic;  95%  occur  between  the  ages  of  5 
and  20,  median  = 14  years. 

Enchondroma 
(►  Fig.  10.113) 

Lobulated  intramedullary  lesions  with  well- 
defined  borders,  mean  size  - 5 cm.  Lesions 
usually  have  low-intermediate  signal  on  T1WI 
and  intermediate  signal  on  PDWI.  On  T2WI  and 
fat-suppressed  T2WI,  lesions  usually  have  pre- 
dominantly high  signal  with  foci  and/or  bands  of 
low  signal  representing  areas  of  matrix  miner- 
alization and  fibrous  strands.  Lesions  typically 
show  Cd-contrast  enhancement  in  various 
patterns  (peripheral  curvilinear  lobular,  central 
nodular/septal  and  peripheral  lobular,  or  heter- 
ogeneous diffuse). 

Benign  intraosseous  lesions  composed  of  hya- 
line cartilage  represent  approximately  10%  of 
benign  bone  tumors.  Enchondromas  can  be 
solitary  (88%)  or  multiple  (12%).  Median 
age  - 35  years,  peak  in  third  and  fourth  decades. 

(continued  on  page  410) 
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Fig.  10.111  Hemangioma  (arrows)  wfthln 
the  T12  vertebral  body  has  circumscribed 
margins  and  contains  high  signal  on 
sagittal  Tl-welghted  Imaging  (a)  and  T2- 
weighted  imaging  (b). 


Fig; 10.112  Monossifyfng  fibroma  in  die  distal  femurof  a 17-yaar-old.  The  radiolucent  lesion  (arrow)  has  a thin  sdeiotic  border  on  anteroposterior 
radiograph  (a)  and  has  heterogeneous  mostly  low  signal  on  coronal  T2-welgh*ed  Imaging  (b).  The  lesion  shows  heterogeneous  gadolinium-contrast 
enhancement  on  coronal  fat-suppressed  Tl-welghted  Imaging  (c). 


Fig.  10.113  A 47-yaar-old  man  with  an  endiondnoma  In  the  proximal  humerus,  which  contains  mineralized  chondrold  matrix  on  radiograph  (a).  The 
lesion  has  sharp,  slightly  lobulated  margins  and  has  heterogeneous  high  signal  on  coronal  fat-suppressed  (FS)  12-weighted  imaging  (b);  and  shows 
thin  peripheral  and  cenbai  gadolinium-contrast  enhancement  on  coronal  FS  T1 -weighted  imaging  (c). 
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Table  10.5  (Cont.)  Solitary  intramedullary  lesions  wtth  well-drcumscribed  margins 


Abnormalities 

MRI  findings 

Comment! 

Fibrous  dysplasia 

Magnetic  resonance  Imaging  (MRI)  features 

Benign  medullary  fibre-osseous  lesion,  which 

( Fig.  10.114) 

depend  on  tiie  proportions  of  bony  spicules, 
aollagen.  fibroblastic  spindle  edls,  hemorrhagic 
and/or  cystic  changes,  and  associated  patho- 
logical  fracture  If  present  Lesions  are  usually 
well  circumscribed  and  have  low  or  low-inter- 
mediate signal  on  T1W1  and  PDWI.  OnTTWl, 
lesions  have  variable  mixtures  of  low.  Interme- 
diate, and/or  high  signal  often  surrounded  by  a 
low  signal  rim  of  variable  thickness.  Internal 
septations  and  cystic  changes  are  seen  In  a 
minority  of  lesions.  Bone  expansion  with  thick- 
ened and/or  thinned  cortex  can  be  seen.  Lesions 
show  Gd-contrast  enhancement  that  vailes  In 
degree  and  pattern. 

can  Involve  a single  site  (mono-ostotic)  or 
multiple  locations  (polyostotic).  lhought  to 
occur  from  developmental  failure  In  the  normal 
process  of  remodeling  primitive  bone  to  mature 
lamellar  bone  with  resultant  zone  or  zones  of 
Immature  tiabeculae  within  dysplastlc  fibrous 
tissue.  Accounts  for  approximately  10%  of 
benign  bone  lesions.  Patients  range  in  age 
from  < 1 year  to  76  years;  75%  occur  before  the 
age  of  30  years. 

Llposderoslng  myxoflbrous  tumor 

Lesions  have  well-defined  margins  with  variable 

Uncommon  benign  fibro-osseous  lesions  with 

( Fig.  10.115) 

thickness  of  low  signal  borders  on  T1  Wl  and 
T2WI.  Lesions  often  have  low  to  intermediate 
signal  on  T1WI  and  Intennedlate  to  high  signal 
on  12WI  and  FS  T2WI.  Small  zones  wftii  fat 
signal  may  be  seen  at  the  periphery  of  the 
lesions.  Lesions  usually  lade  Gd-contrast 
enhanoement 

mixed  histological  features  of  lipoma,  fibroxan- 
thoma, myxoma,  fibrous  dysplasia,  bone  cyst, 
myxofibroma,  fat  necrosis,  and/or  Ischemic 
ossification.  Most  of  these  lesions  occur  In  the 
intertrochanteric  region  of  tire  femur.  May 
represent  a variant  form  of  fibrous  dysplasia. 
Patients  range  from  1 5 to  69  years,  mean -42 
years. 

(continued  on  poge  4)2) 

Fig.  10.114  Fibrous  dysplasia  In  the  tibia 
dlaphysls  of  a 19-year-old  man.  which  has 
intermediate  signal  on  sagittal  T1- 
weighted  Imaging  (T1WI)  (a)  and  shows 
Gd-contrast  enhancement  on  fat-sup- 
pressed  T1WI  (b). 


itW 
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Rg,  10.115  Lfposderoslng  rnyaofibrous  tumor  In  the  femoral  neck  of  a 61-year-old  man.  Radiograph  (a)  and  eompufced  tomographic  Image  (b)  show  a 
well-defined  radiolucent  lesion  with  thin  sderobc  maigins.  The  lesion  has  mostly  low  signal  centrally  as  well  as  small  peripheral  zones  with  high  fat 
signal  on  coronal  Tl-welghted  Imaging  (c)  and  has  mostly  high  signal  on  coronal  fat-suppressed  T2-welghted  Imaging  (d). 
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Table  10.5  (Cont.)  Solitary  Intramedullary  lesions  with  weJI-drcumscrIbed  margins 


Abnormalities 

MRI  findings 

Comments 

Unicameral  bone  cyst  (UBC) 

( Fig.  10.116) 

UBCs  often  have  a peripheral  rfm  of  low  signal 
on  T1WI  and  T2W1  adjacent  to  normal  medul- 
lary bone.  UBCs  usually  contain  fluid  with  low  to 
low  intermediate  signal  onTIWI;  high  signal  on 
T2WI.  Fluid-fluid  levels  may  occur.  For  UBCs 
without  pathological  fracture,  thin  peripheral 
Gd-aontrast  enhancement  can  be  seen  at  die 
margins  of  lesions.  UBCs  with  pathological 
fracture  can  have  heterogeneous  or  homoge- 
neous lowlnteimedlate  or  slightly  high  signal 
on  T1WI,  and  heterogeneous  or  homogeneous 
high  signal  on  12WI  and  F5  T2W1.  UBCs 
complicated  by  fracture  can  have  Internal 
septations  and  fluid-fluid  levels,  as  well  as 
irregular  peripheral  Gd-eontrast  enhancement 
and  at  internal  septations. 

Intramedullary  nonneoplastic  cavities  filled  wftii 
serous  or  serosanguinous  fluid.  Account  for  9% 
of  primary  tumor-life  lesions  of  bone;  85%  occur 
In  die  first  2 decades,  median  - 11  years. 

Aneurysmal  bone  cyst  (ABC) 

(►  Fig.  10.117) 

ABCs  often  have  a low  signal  rim  on  T1  Wl  and 
T2WI  adjacent  to  normal  medullary  bone  and 
between  extraosseous  soft  tissues.  Various 
combinations  of  low.  Intermediate,  and/or  high 
signal  on  T1WI,  PDWI,  and  1*2 Wl  are  usually 
seen  within  aneuiysmal  bone  cysk  as  well  as 
fluid-fluid  levels.  Variable  Gd-contrast  enhance- 
ment is  seen  at  the  maigins  of  lesions  as  well  as 
Involving  die  Internal  septae. 

Tumor-like  expansile  bone  lesions  containing 
cavernous  spaces  filled  with  blood.  ABCs  can  be 
pilmaiy  bone  lesions  (two  dilrds)  or  secondary 
to  otiier  bone  lesions/tumors  (such  as  giant  cell 
bjmors.  chondroblastomas,  osteoblastomas, 
osteosarcomas,  chondromyxofc)  fibromas,  non- 
ossffyfng  fibromas,  fibrous  dysplasia,  fibrosar- 
comas. malignant  fibrous  histiocytomas,  and 
metastatic  disease).  Account  for  approximately 
11%  of  prfmaiy  tumor-lfe  lesions  of  bone. 
Patients  usually  range  in  age  from  1 to  25  years, 
median  - 14  years. 

Giant  cell  reparative  granuloma 
(►  Fig.  10.118) 

Lesions  can  have  heteiogeneous  low.  interme- 
diate, and/or  high  signal  on  T1WI,  POWI,  and 
T2WI;  as  well  as  peripheral  rlmlike  and  central 
Gd-contrast  enhancement  on  F5  T1WI. 

Giant  cell  reparative  granulomas  are  also 
referred  to  as  solid  ABCs.  Histological  appear- 
ance resembles  brown  tumor's. 

Intraosseous  lipoma 
(►  Fig.  10.119) 

Lesions  can  have  heterogeneous  low.  interme- 
diate, and/or  high  signal  on  T1WI,  POWI,  and 
T2WI.  as  well  as  peripheral  rimlike  and  central 
Gd-contrast  enhancement  on  FS  T1WI.  Intra- 
osseous lipomas.  Caldflcadons,  when  present,, 
usually  appear  as  zones  of  low  signal  or  signal 
void. 

Uncommon  benign  hamartomas  composed  of 
mature  white  adipose  tissue  without  cellular 
atypia.  Osseous  orchondrofd  metaplasia  wftii 
myaoid  changes  can  be  associated  witii  lipomas. 
Account  for  approximately  0.1%  of  bone  tumors, 
likely  underreported. 

(continued  on  poge  414) 


Fig.  10.1 16  Unicameral  bone  cyst  in  the  distal  femoral  shaft  of  a 16-year-old  boy  has  intermediate  signal  on  coronal  proton  density- weighted  imaging 
(a)*  high  signal  on  coronal  fat-suppressed  (FS)  T2«weighted  Imaging  (b),  and  shows  thin  peripheral  Gd-aontrast  enhancement  on  coronal  FS  T1- 
welghted  Imaging  (c). 
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Rg,  10,117  Aneuiysmal  bone  cyst  In  a 9-year-old  girl  Is  seen  In  the  distal  tibia.  The  circumscribed  radlolucent  lesion  (a)  (arrow)  has  a thin  margin  with 
low  signal  and  contains  multiple  fluid-fluid  levels  as  seen  on  coronal  (b)  and  axial  fat-suppressed  12- weighted  imaging  (c). 


F1g.10.11B  Ciantcell  granuloma  in  a 15- 
year-old  girl  Is  seen  as  a circumscribed 
radioiucent  lesion  in  the  mandible  on 
sagittal  computed  tomographic  image 
(a),  lhe  lesion  shows  Cd-contrast 
enhancement  on  sagittal  Unweighted 
imaging  (b). 


Fig. 10. 119  A 62 -year-old  man  wftii  a 
lipoma  in  the  proximal  humerus.  The 
circumscribed  lesion  has  a tiiin  low  signal 
margin  and  has  predominant  signal  cen- 
trally similar  to  fat  on  coronal  proton 
density-weighted  Imaging  (a)  and  fat- 
suppressed  T2-welghted  Imaging  (b).  A 
small  zone  of  cystic  degeneration  is  also 
seen  within  the  intraosseous  lipoma. 
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Table  10.5  (Cent.)  Solitary  intramedullary  lesions  with  weJI-drcumscrIbed  margins 


Abnormalities 

MRI  findings 

Comments 

Browntumor 

Ijeslons  are  usually  radlolucent  on  radiographs 
and  computed  tomography  (CT).  lesions  often 
have  bwHnteimedidte  signal  on  T1WI,  inter- 
mediate to  slightly  high  signal  on  T2WI,  and 
typically  show  Gd-contrast  enhancement  Zones 
of  low  signal  on  T2W1  may  occur  from  hemo- 
siderin. Expansion  of  cortical  margins  can  occur 
wfth  or  without  cortical  dlsruptlon/desbuctlon. 
Lesions  may  have  circumsaibed  and/or  poorly 
defined  margins. 

Lesions  In  bone  contain  multinudcated  giant 
cells,  fibrous  tissue,  blood  vroeis.  and  zones  of 
hemorrhage/hemosiderin.  Histological  and 
Imaging  features  are  similar  to  giant  cell 
nepaiative  granulomas.  Most  often  involves  ribs, 
mandible,  davicle,  pelvis,  craniofacial  bones, 
and  veitebrae.  Can  result  from  prlmaiy  hyper- 
parathyroidism (3  to  1%)  (overseaetion  of 
parathyroid  hormone  [PTH]  from  parathyroid 
adenoma  associated  wftii  hypercalcemia),  sec- 
ondary type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertlaiy  type  In  which  die 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  paratiiyrold  gland 
hyperplasia. 

Geode 

(►Rg.  10.120) 

Typically  have  sharply  defined  margins  and 
contain  low  signal  on  T1W1,  low-intermediate 
signal  on  POWI,  and  homogeneous  high  signal 
on  T2WI.  Poorly  defined  zones  of  Gd-conbast 
enhancement  can  be  seen  In  die  marrow 
adjacent  to  die  subchondral  cysts  on  F5  T1WI. 

A geode  or  subchondral  cyst  is  a cystic-life 
lesion  located  near  the  end  of  a long  bone 
where  tiiere  are  changes  of  degenerative 
osteoarthropathy,  lesions  can  result  from  syi*- 
ovfal  fluid  Intnision  and/or  bony  contusion  In  the 
setting  of  degenerative  Joint  disease. 

Intraosseous  ganglion 
(►  Rg.  10.121) 

Can  have  round,  oval,  or  serpiginous  configu- 
rations with  sharply  defined  margins.  These 
lesions  typically  contain  low  signal  on  T1  Wl,  low- 
intermediate  signal  on  POWI,  and  high  signal  on 
T2WI.  Mild  thin  peripheral  Gd-contrast 
enhancement  can  be  seen. 

Benign  cystic  lesion  usually  located  at  or  near 
die  ends  of  long  bones,  and  Is  not  associated 
with  degenerative  osteoarthropathy,  lesions  can 
result  from  intraosseous  extension  h orn  a 
ganglion  In  the  soft  tissues  or  from  Intraosseous 
mucoid  degeneration,  synovial  rests,  or  synovial 
intrusion. 

Bone  Infarct 
( Rg.  10.122) 

A double-line  sign  (curvilinear  adjacent  zones  of 
low  and  high  signal  on  T2WI)  is  commonly  seen 
at  the  edges  of  the  infarcts  representing  die 
borders  of  osseous  resorption  and  healing, 
irregular  Gd-contiast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth. 

Zones  of  Ischemic  death  Involving  bone 
trabeculae  and  marrow,  which  may  be  idio- 
patiiic  or  may  result  from  trauma,  corticosteroid 
treatment,,  chemotherapy,  radiation  treatment, 
oedusive  vascular  disease,  collagen  vascular  and 
other  autoimmune  diseases,  metabolic  storage 
diseases  (e.g.,  Gaudier  dbe®e),  sldde  cell 
diseoe,  thalassemia,  hyperbaric  events/Caisson 
diseae,  pregnancy,  alcohol  abuse,  pancreatitis. 
Infections,  and  lymphoprollferative  diseases. 

Fnostosis/bone  island 
(►  Rg.  10.123) 

Typically  appear  as  well-tircumschbed  zones  of 
dense  bone  within  marrow  wKh  low  signal  on 
T1WI,  POWI.  TZWI.  and  F5 12WI.  Lesions 
typically  show  no  Gd-contrast  enhancement 

Monneoplastic  intramedullary  zone  of  mature 
compact  bone  composed  of  lamellar  bone  tiiat 

Is  considered  to  be  a developmental  anomaly 
resulting  from  localized  failure  of  bone  resorp- 
tion during  skeletal  maturation. 

(continued  on  poge  416) 


Fig.  10.120  A 50  year -old  man  with  a 
degenerative  cystic  lesion  (geode)  In  die 
subchondral  bone  of  the  lateral  proximal 
tibia  related  to  articular  damage  and  focal 
defects.  The  drcumsalbed  Intraosseous 
lesion  has  mostly  high  signal  on  coronal 
(a)  and  sagittal  fat-suppressed  T2- 
welghted  imaging  (arrows)  (b). 
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Ffg.  10.121  Intraosseous  ganglion  wfthln  the  lateral  metaphyseal  region  of  the  proximal  tibia  seen  on  aoronal  proton  density-weighted  imaging  (a) 
(arrow)  and  aoronal  fat-suppressed  12-weighted  imaging  (FST2WI)  (b).  The  lesion  has  high  signal  on  FS  T2WI  and  is  aontiguous  wldi  an  extraosseous 
ganglion  via  a small  defect  in  the  aortex.  Only  mild  thin  peripheral  Gd-corrtrast  enhancement  is  seen  on  coronal  FS  Tl-weighted  imaging  (c). 


Fig.  10.122  A 29-year-old  woman  with  a 
nonacute  bone  lnfaict  in  the  femoral  neck 
after  chemotherapy  for  leukemia,  "I  he 
circumscribed  lesion  has  thin  margins  with 
inter  mediate  signal  on  aoronal  T1- 
weighted  imaging  (a)  and  high  signal  on 
aoronal  fat-suppressed  T2-weighfced 
imaging  (b). 


Fig.  10.123  A 1 2-yaar-old  female  with  a bone  Islland  (arrow)  In  the  proximal  femur,  which  has  high  attenuation  on  an  anteroposterior  radiograph  (a). 
The  circumscribed  lesion  has  low  signal  on  coronal  Tl-weighted  imaging  (b)  and  fat-suppressed  12-weighted  Imaging  (c). 


415 


Lesions  Involving  Bones 


Table  10.5  (Cont)  Solitary  intramedullary  lesions  with  well-circumscribed  margins 

Abnormalities 

MRI  findings 

Comments 

Giant  cell  tumor  of  bone 
(►  Fig.  10.124) 

Often  well-defined  lesions  with  thin  low  signal 
margins  on  T1  Wl,  PDWI,  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1  Wl  and  PDWI,  inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  FS  PDWI  and  FS  T2WI.  Zones  of  lowsignal  on 
T2WI  may  be  seen  secondary  to  hemosiderin. 
Aneurysmal  bone  cysts  can  be  seen  in  1 4%  of 
giant  cell  tumors.  Areas  of  cortical  thinning, 
expansion,  and/or  destruction  can  occur  with 
extraosseous  extension.  Tumors  show  varying 
degrees  of  Gd-contrast  enhancement. 

Aggressive  bone  tumors  composed  of  neoplastic 
mononuclear  cells  and  scattered  multinudeated 
osteodast-lilce  giant  cells.  Accounts  for  23%  of 
primary  nonmalignant  bone  tumors  and  5 and 
9%  of  all  primary  bone  tumors;  median  age=  30 
years. 

Ameloblastoma 
(►  Fig.  10.125) 

Lesions  are  often  radiolucent  with  associated 
bone  expansion  and  cortical  thinning  on  CT. 
Tumors  often  have  circumscribed  margins  and 
can  show  mixed  low,  intermediate,  and/or  high 
signal  on  T1WI,  T2WI,  and  FS  72WI.  Lesions  can 
show  heterogeneous  Gd-contrast  enhance- 
ment 

Ameloblastomas  are  slow-growing  solid  and 
cystic  bone  tumors  that  contain  epithelioid  cells 
(basaloid  and/or  squamous  types)  associated 
with  regions  of  spindle  sells  and  fibrous  stroma. 
These  tumors  occur  in  the  mandible  and  maxilla 
and  typically  lack  metastatic  potential. 

Hemophilic  pseudotumor 

Can  appear  as  expansile  radiolucent  lesions  on 
radiographs  and  CT.  Lesions  usually  have  mixed 
low,  intermediate,  and  high  signal  on  T1  Wl  and 
T2WI,  as  well  as  fluid-fluid  levels. 

Lesions  can  occur  within  bone  (femur,  pelvis, 
tibia,  hand)  or  soft  tissue  in  1 to  2%  of  patients 
with  factor  VIII  or  IX  deficiency.  Enlarging  lesions 
may  require  surgical  resection. 

(continued  on  page  418) 
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Fig.  10.124  A 22-year-old  woman  with  a giant  sell  tumor  in  the 
proximal  tibia,  which  has  circumscribed  maiglns  and  shows 
Cd-aontiast  enhancement  on  coronal  fat-suppressed  T1- weighted 
imaging. 


Fig.  10.125  A 70-year-old  woman  with  an  ameloblastoma  in  the  mandible,  which  is  seen  as  a radiolucent  expansile  lesion  on  axial  computed 
tomography  (a)  and  has  mostly  high  signal  on  axial  T2-weighted  Imaging  (b). 
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Table  10.5  (Cent.)  Solitary  intramedullary  lesions  with  wdl-drcumscribed  margins 


Abnormalities 

MRI  findings 

Comments 

Desmoplastic  fibroma 
(►  Fig.  10.126) 

lobulated  lesions  with  abrupt  zones  of  transi- 
tion. lesions  usually  have  low-intermediate 
signal  on  T1WI,  inhennediate  signal  on  PDWI, 
heterogeneous  Intermediate  to  high  signal  on 
12WI.  Lesions  may  have  internal  or  peripheral 
zones  of  low  signal  on  T1WI  and  12WI  second- 
aiy  to  dense  collagenous  parts  of  the  lesions 
and/or  fod  with  high  signal  on  T2WI  from  cystic 
zones.  Thin  curvilinear  zones  of  low  signal  on 
T2WI  can  be  seen  at  the  margins  of  the  lesions. 
Lesions  show  variable  degrees  and  patterns  of 
Gd-aontrast  enhancement. 

Rare  Intraosseous  desmoid  tumors  that  are 
composed  of  benign  fibrous  tissue  with  elon- 
gated or  spindle-shaped  tells  adjacent  to  colla- 
gen. Account  foc<  1%  of  primary  bone  lesions. 
Mean  age-20  years,  median  age-34  years, 
peak  second  decade. 

Malignant  lesions 

Metastatic  tumor 
(►  Fig.  10.127) 

Single  or  multiple  well-circumscribed  or  poorfy 
defined  Infiltrative  lesions  Involving  marrow 
associated  with  eortical  destruction  and  extra- 
neous extension.  Lesions  often  have  low- 
Intemiedlate  signal  on  T1WI,  low,  Intermediate, 
and/or  high  signal  on12WI  and  FS  T1WI,  usually 
show  Gd-aontrast  enhancement.  Cortical 
destruction  and  tumor  ©(tension  Into  the 
extraosseous  soft  tissues  can  occur.  Pathological 
fractures  can  be  associated  with  metastatic 
lesions  Involving  tubular  bones  and  vertebrae. 
Periosteal  reaction  Is  untommon. 

Metastatic  lesions  typically  oacur  in  the  marrow 
with  or  wfthout  aortical  destruction  and  extra- 
osseous  tumor  extension. 

Plasmacytoma 
(►  Fig.  10.128) 

Well-circumscribed  or  poorly  defined  initiative 
lesions  Involving  marrow,  lowintemiedlate 
signal  on  T1WI,  intermediate-high  signal  on 

12WI  and  F5  T2WI,  usually  show  Gd-contrast 
enhancement,  eventual  cortical  bone  destruc- 
tion and  extraosseous  extension. 

Malignant  tumors  composed  of  proliferating 
antibody-secreting  plasma  tells  derived  from 
single  clones.  Most  eommon  primary  neoplasm 
of  bone  in  adults.  Median  age -60  years.  Most 
patients  are  older  than  40  years.  May  have 
variable  destiuctive  or  Infiltiatlve  changes 
Involving  the  axial  and/or  appendicular  skeleton. 

(axrtinued  on  page  420) 

Fig.  10.126  A32«yearvold  woman  with  a desmoplastic  fibroma  involving  the  right  lateral  portion  of  the  L5  vertebra.  The  radloluaent  lesion  (arrow)  has 
thinned  slightly  expanded  cortical  maiglns  on  axial  aomputed  tomography  (a)  and  mixed  low,  intermediate,  slightly  high,  and  high  signal  on  axial  T2- 
weighted  Imaging  (arrow)  (b). 
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Fig,  10,127  A 56-year-old  woman  with  a 
metastatic  lesion  from  breast  carcinoma 
Involving  the  proximal  shaft  of  the  Femur, 
The  radlolucent  lesion  (arrow)  has  thick 
slightly  irregular  sderotic  maigins  on 
radiograph  (a)  and  has  low-lntennedlate 
signal  on  coronal  Tl-welghted 
imaging  (b). 


Fig.10.128  A 56  year-old  man  with  a 
plasmacytoma  Involving  the  proximal 
shaft  of  the  femur.  Ihe  radlolucent  lesion 
has  sharp  margins  on  radiograph  (a).  Ihe 
tumor  has  low-intennediate  signal  on 
eoronal  Tl-welghted  Imaging  (T1WI)  (b). 
high  signal  on  fat-suppressed  (F5)  12- 
weighted  imaging  (c),  and  shows 
Gd-aontrast  enhancement  on  coronal 
F5  T1WI  (d). 
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Table  10.5  (Cont.)  Solitary  intramedullary  lesions  with  well-circumscribed  margins 


Abnormalities 

MRI  findings 

Comments 

Lymphoma 
( Fig.  10.129) 

Non-hodgkin  lymphoma  (NHL)  and  Hodgkin 
disease  (HD)  within  bone  typically  appears  as 
single  or  multifocal  poorly  defined  or  circum- 
sciibed  intramedullary  zones  with  low-intenne- 
diate  signal  on  T1  Wl;  intermediate,  slightly  high, 
and/or  high  signal  onT2WI;  and  high  signal  on 
F5  T2WL  Often  show  Gd-contrast  enhance- 
ment. Zones  of  cortical  destiuction  may 
occur  associated  with  extraosseous  soft  tissue 
extension. 

Lymphoid  tumors  with  neoplastic  cells  typically 
within  lymphoid  tissue  (lymph  nodes  and 
reticuloendothelial  organs).  Unlike  leukemia, 
lymphoma  usually  arises  as  discrete  masses. 
Lymphomas  are  subdivided  into  HD  and  NHL. 
Almost  all  primary  lymphomas  of  bone  are  B-cell 
NHL.  HD,  mean  age-  32  years.  Osseous  NHL, 
median  = 35  years. 

Low  grade  chondrosarcoma 
( Fig.  10.130) 

Intramedullary  tumors  often  have  low-interme- 
diate signal  onTIWI,  intermediate  signal  on 
PDWI,  and  heterogeneous  intermediate-high 
signal  on  T2WI.  Lesions  usually  show  heteroge- 
neous Gd-contrast  enhancement. 

Malignant  tumors  containing  cartilage  formed 
within  sarcomatous  stroma.  Account  for  1 2 to 
21%  of  malignant  bone  lesions,  21  to  26%  of 
primary  sarcomas  of  bone.  Mean  age=  40  years, 
median  = 26  to  59  years. 

Malignant  giant  cell  tumor 

Well-defined  lesions  with  or  without  thin  low 
signal  margins  on  T1WI  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
intermediate  signal  on  T1  Wl  and  PDWI,  inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  FS  PDWI  and  FS  T2WI.  Signal  heterogeneity 
on  T2WI  is  not  uncommon.  Aneurysmal  bone 
cysls  are  seen  with  14%  of  giant  cell  tumors. 
Lesions  show  mild  to  prominent  variable  and 
often  heterogeneous  Gd-contrast  enhance- 
ment. Cortical  destruction  and  extraosseous 
tumor  extension  are  frequently  seen. 

Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononuclear  cells  and  scattered  multi- 
nucleated  osteoclast-like  giant  cells.  Up  to  10% 
of  all  giant  cell  tumors  are  malignant.  Benign 
giant  cell  tumors  account  for  approximately  5 to 
9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell 
tumors  occur  in  patients  between  the  ages  of  1 5 
and  45. 
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Fig. 10. 129  A 19-year-old  man  with  large  B- 
cell  lymphoma  in  tile  marrow  of  the  proximal 
tibia,  which  has  Intennedlate  signal  on  eoronal 
Tl-weighted  imaging  (a)  and  high  signal  on 
coronal  fat-suppressed  12-weighted 
Imaging  (b). 


Fig.  10.130  A 46-year-old  woman  with  a low-grade  chondrosareoma  Involving  the  proximal  tibia.  Radiograph  shows  Intraosseous  chondiofd 
mineralization  (arrow)  (a).  The  lesion  has  heterogeneous  high  and  low  signal  on  coronal  fat-suppressed  (FS)  12- weighted  Imaging  (b)  and  shows 
peripheral  lobular  gadolinium-contrast  enhancement  on  coronal  F5  Tl-weighted  imaging  (c). 
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10.6  Solitary  Intramedullary 
Lesions  with  Poorly  Defined 
Margins  of  Abnormal  Marrow 
Signal 

• Nonmalignant  lesions 
o Acute  and  subacute  bone  ischemia 
o Transient  bone  marrow  edema;  also  referred  to  as  acute 
transient  bone  marrow  edema  (acute  bone  marrow  edema 
syndromes  [aBMEs]p  transient  osteoporosis  of  the  hip, 
regional  migratory  osteoporosis) 
o Bone  contusion 
o Fracture 
o Osteomyelitis 
o Eosinophilic  granuloma 
o Sarcoidosis 
o Chondroblastoma 


o Giant  cell  tumor  of  bone 
o Giantcell  reparative  granuloma 
o Aneurysmal  bone  cyst  (ABC) 
o Osteoid  osteoma 
o Osteoblastoma 
o Brown  tumor 
• Malignant  lesions 
o Metastatic  tumor 
o Plasmacytoma 
o Leukemia 
o Lymphoma 
o Chondrosarcoma 
o Osteosarcoma 
o Ewing  sarcoma 
o Malignant  giant  cell  tumor 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Paget  sarcoma 


Table  10.6  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  manrow  signal 
Abnormalities  MKI  findings 

Nonmalignant  lesions 

Acute  and  subacute  bone  ischemia  In  the  early  phases  of  ischemia,  diffuse  poorly- 

Fig.  10.131 ; ■ Fig.  10.132)  defined  zones  of  high  signal  may  be  seen  on  fat- 

suppressed  T2-weighted  imaging  (FS  T2WI), 
which  can  oveiiap  the  magnetic  resonance 
imaging  (MRI)  features  of  transient  bone 
mairow  edema.  In  zones  of  bone  infarction, 
curvilinear  zones  of  low  signal  on  T1  -weighted 
imaging  (T1  Wl)  and  T2WI  may  occur  in  marrow 
from  zones  of  fibrosis.  Irregular  aones  of  low 
signal  onTIWI  and  high  signal  onT2WI  may 
occur  secondary  to  zones  of  fluid  from  edema, 
ischemia/infarction,  or  fracture.  Zones  with  high 
signal  on  T1  Wl  and  T2WI  may  also  occur  from 
hemorrhage  in  combination  with  zones  of 
fibrosis  and  fluid.  A double-line  sign  (curvilinear 
adjacent  zones  of  low  and  high  signal  on  T2WI) 
is  often  seen  at  the  edges  of  the  infarcts 
representing  the  borders  of  osseous  resorption 
and  healing.  Irregular  gadolinium  (Gd)-contrast 
enhancement  can  be  seen  from  granulation 
tissue  ingrowth. 


Comments 


Bone  infarcts  are  zones  of  ischemic  death 
involving  bone  trabeculae  and  marrow,  which 
can  be  idiopathic  or  result  from  bauma, 
corticosteroid  treatment,  chemotherapy, 
radiation  treatment,  occlusive  vascular  disease, 
collagen  vascular  and  other  autoimmune  dis- 
eases. metabolic  storage  diseases  (e.g.,  Gaucher 
disease),  sickle  cell  disease,  thalassemia,  hyper- 
baric events/Caisson  disease,  pregnancy,  alcohol 
abuse,  pancreatitis,  infections,  and  lymphopro- 
liferative  diseases.  Osteonecrosis  is  more  com- 
mon in  fatty  compared  with  hematopoietic 
marrow. 


(continued  on  page  424) 
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Fig.  10.131  A 50-year-old  woman  with  acute  ischemia  in  the  proximal 
humerus  superimposed  upon  prior  isdtemia  as  seen  on  coronal  fat- 
suppressed  proton  density-weighted  Imaging.  A poorly  defined  zone 
with  increased  signal  is  seen  in  die  marrow  adjacent  to  an  old  bone 
infarct  at  the  medial  aspect  of  the  humeral  head. 


Fig.  10.132  A 50-yosr-old  man  witii  acute  and  subacute  isdremia  in  the  proximal  femur.  A poorly  defined  zone  witii  low  signal  on  coronal  T1-weighted 
Imaging  (T1  Wl)  (a),  high  signal  on  ooronal  fat-suppressed  (FS)  12 -weighted  Imaging  (b)f  and  oorrespondlng  gadolinium  (Gd)-oontiast  enhancement 
on  FS  T1WI  is  seen  in  tlie  marrow  (c).  A thin  linear  zone  of  low  signal  is  also  seen  in  the  subchondral  marrow  representing  bone  infarction. 
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Table  10.6  (Cont.)  Solitary  Intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 


MRI 


Comments 


Transient  bone  marrow  edema;  also  referred  to 
as  acute  transient  bone  marrow  edema  (acute 
bone  marrow  edema  syndromes  [aBMEsj,  tran- 
sient osteopoiosls  of  the  hip,  regional  migratory 
osteoporosis) 

(►  Fig.  10.133) 


Bone  contusion 
(►  Fig.  10.134) 


Fracture 
(►  Rg.  10.135) 


Poorly  defined  zones  with  low-intermediate 
signal  on  T1WI  and  high  signal  on  F5  T2WI  and 
short  T1  inversion  recovery  (STIR)  are  seen  in  die 
marrow  of  die  proximal  hip  (femoral  head  and 
neck).  The  signal  abnormalities  may  spare  die 
subchondral  marrow.  MRI  findings  can  be  seen 
wftiiln  48  hour?  of  the  onset  of  symptoms.  Joint 
effusions  may  be  present.  With  dynamic  Gd- 
contrast  administration,  delayed  peak  enhance- 
ment can  be  seen  with  aBME.  With  osteonec- 
rosis of  the  flip,  crescentic  zones  of  low  signal 
on  T1WI  and  FS  12WI  are  seen  in  the  marrow 
between  the  necrotic  and  normal  areas.  These 
crescentic  zones  of  low  signal  on  T1  Wl  and  F5 
12 Wl  are  typically  absent  in  aBME. 


Contusions  usually  appear  as  poorly  defined 
Intramedullaiy  zones  with  low-intermediate 
signal  on  T1WI  and  high  signal  on  F5  T2WI,  and 
corresponding  Gd-contrast  enhancement. 
Adjacent  cortical  margins  are  typically  Intact, 

Acute/subacute  fractures  typically  have  abnor- 
mal marrow  signal  (usually  low  signal  on  T1WI, 
high  signal  on  12 Wl  and  F5  T2WI).  Gd-contrast 
enhancement  Is  typically  seen  In  the  postfrac- 
ture period.  Angulated  cortical  margins  and 
periosteal  high  signal  on  FS  12WI  can  be  seen 
with  traumatic  fractures.  A curvilinear  zone  of 
low  signal  on  T2WI  and  FS  12WI  may  be  seen 
within  die  marrow  edema  in  stiess  fractures. 


aBME  Is  an  Idlopathk  spontaneous  proces  with 
transient  edema  in  bone  marrow  that  is  not 
secondary  to  trauma  and  may  or  may  not  be 
associated  wftii  osteoporosis.  aBME  frequently 
Involves  die  proximal  femur  In  men  between  30 
and  50  years,  and  women  in  the  last  trimester  of 
pregnancy.  aBME  Is  typically  associated  with 
pain  and  limping  disability.  Biopsies  show  active 
osteoblasts  and  osteoid  seams  adjacent  to 
thinned  disconnected  trabeculae,  as  well  as  mild 
fibrosis,  edematous  changes,  vascular  conges- 
tion with  occasional  hemorrhage  in  marrow 
without  osteonecrosis.  With  conservative  ther- 
apy such  as  analgesics,  restricted  weight-bear- 
ing, and  antiresoitive  agents  such  as 
blsphosphonates  and  calcitonin,  symptoms 
resolve  in  2 to  9 montiis.  Similar  clinical  and 
Imaging  findings  have  been  reported  in  otiier 
bones,  often  in  juxta-arb'cular  locations  in  the 
lower  extremities,  and  have  been  referred  to  as 
regional  migratory  osteoporosis. 

Also  referred  to  as  bone  biulses,  contusions 
represent  trabecular  mlciofractures  wltiiout 
cortical  fr  acture.  In  die  knee,  contusions  at  die 
lateral  femoral  condyle  and  posterolateral  prox- 
imal tibia  are  commonly  associated  with  Injuries 
to  the  anterior  cruciate  ligament 
Fractures  can  result  from  trauma,  prlmaiy  bone 
tumors/lesions,  metastatic  disease,  bone 
infartte  (steroids,  diemotiierapy,  and  radiation 
treatment),  osteoporosis,  osteomalacia,  meta- 
bolic (calcium/  phosphate)  disorders,  vitamin 
def  idencies,  Paget  disease,  and  genetic  disor- 
ders such  as  osteogenesis  imperfecta,  among 
others. 

(amtinued  on  poge  426) 


Fig.  10.1 33  A 53-year-old  man  with  acute  bone  marrow  edema  in  the  proximal  femur.  A poorly  defined  zone  with  low-intermediate  signal  on  coronal 
T1- weighted  Imaging  (a)  and  high  signal  on  coronal  fat-suppressed  T2-welghted  Imaging  (b)  Is  seen  In  die  marrow. 
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Fig.  10.134  Bone  eontuslon  in  the  distal  femur  seen  as  a poorly 
defined  zone  with  high  signal  In  the  subchondral  marrow  on  sagittal 
fat-suppresaed  T2  weighted  imaging. 


Hg. 10.135  A 17-year-old  boy  with  a 
fatigue-type  sb ex  fracture  involving  tire 
femoral  nedc.  Anteroposterior  radiograph 
(a)  shows  a small  linear  zone  of  endosteal 
sclerosis  (arrows).  A poorly  defined  zone 
with  high  signal  is  seen  in  tire  marrow 
adjacent  to  a linear  zone  of  low  signal  on 
fat-suppressed  T2- weigh  ted  Imaging  (b), 
as  well  as  thin  periosteal  reaction  with 
high  signal  medially. 
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Table  10.6  (Cont)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Osteomyelitis 
( Fig.  10.136) 

In  acule  osteomyelitis,  poorly  defined  zones  of 
low  or  low-intermediate  signal  on  T1WI  and 
high  signal  onT2WI,  STIR,  and  FS  T2WI  are  seen 
in  the  marrow.  Loss  of  definition  of  the  low 
signal  line  of  the  cortical  margins  is  often 
observed  on  T1WI,  T2WI,  STIR,  and  FS  T2WI. 
After  Gd-contrast  administration,  irregular 
aones  of  contrast  enhancement  are  seen  in  the 
involved  marrow  on  FS  T1WI.  In  the  subacute 
phase  of  osteomyelitis,  the  pyogenic  process 
becomes  more  localized  The  zone  of  transition 
between  normal  and  abnormal  bone  is  shaiper 
and  more  well  defined  in  subacute  and  chronic 
osteomyelitis  than  with  acute  osteomyelitis. 

Osteomyelitis  is  a disorder  in  which  there  is 
infection  of  bone  and  commonly  the  adjacent 
soft  tissues.  Can  result  from  hematogenous 
spread  of  micro-organisms  as  well  as  from 
trauma-direct  inoculation,  extension  from  adja- 
cent tissues,  and  complications  from  surgery. 
Bacteria  such  as  Staphylococcus  aureus  and 
Streptococcus  pyogenes  are  the  most  common 
infectious  organisms.  Can  also  result  from  other 
bacteria  as  well  as  tuberculosis,  fungi,  parasites, 
and  viruses. 

Eosinophilic  granuloma 
( Fig.  10.137) 

Focal  intramedullary  lesions  associated  with 
trabecular  and  cortical  bone  destruction,  which 
typically  have  low-intermediate  signal  onTIWI 
and  proton  density-weighted  imaging  (PDWI) 
and  heterogeneous  slightly  high  to  high  signal 
on  T2WI.  Poorly  defined  zones  of  high  signal  on 
T2WI  are  usually  seen  in  the  marrow  peripheral 
to  the  lesions  secondary  to  inflammatory 
changes.  Extension  of  lesions  from  the  marrow 
into  adjacent  soft  tissues  through  areas  of 
coitical  disruption  are  commonly  seen  as  well  as 
linear  periosteal  aones  of  high  signal  on  T2WI. 
Lesions  typically  show  prominent  Gd-contrast 
enhancement  in  marrow  and  in  extraosseous 
soft  tissue  portions  of  the  lesions. 

Benign  tumor-like  lesions  consisting  of  Langer- 
hans  cells  (histiocytes)  and  variable  amounts  of 
lymphocytes,  polymorphonuclear  cells,  and 
eosinophils.  Account  for  1%  of  primary  bone 
lesions  and  8%  of  tumor-like  lesions.  Occurs  in 
patients  with  median  age  - 1 0 years,  aver- 
age = 13.5  years,  peak  incidence  is  between  5 
and  1 0 years,  80  to  85%  occur  in  patients  less 
than  30  years. 

Sarcoidosis 

Lesions  usually  appear  as  intramedullary  zones 
with  low  to  intermediate  signal  on  T1WI  and 
slightly  high  to  high  signal  on  T2WI  and  FS  POWI 
and  FS  T2WI.  Erosions  and  aones  of  destruction 
of  adjacent  bone  cortex  as  well  as  periosseous 
extension  of  the  granulomatous  process  can 
occur.  Fine  perpendicular  lines  of  low  signal  on 
T1WI  may  be  seen  extending  outward  from  the 
region  of  eroded  or  destroyed  cortex.  After  Gd- 
contrast  administration,  lesions  typically  show 
moderate  to  prominent  enhancement. 

Chronic  systemic  granulomatous  disease  of 
unknown  etiology  in  which  noncaseating  gran- 
ulomas occur  in  various  tissues  and  organs, 
including  bone. 

Chondroblastoma 
( Rg.  10.138) 

Tumors  often  have  fine  lobular  margins  and 
typically  have  low-intermediate  heterogeneous 
signal  on  T1  Wl  and  mixed  low,  intermediate, 
and/or  high  signal  on  T2WI.  Areas  of  low  signal 
on  T2WI  are  secondary  to  chondroid  matiix 
mineralization,  and/or  hemosiderin.  Lobular, 
marginal,  or  septal  Gd-contrast  enhancement 
patterns  can  be  seen.  Poorly  defined  aones  with 
high  signal  on  T2WI  and  FS  T2WI  and  corre- 
sponding Gd-contrast  enhancement  are  typi- 
cally seen  in  the  marrow  adjacent  to  the  lesions 
representing  inflammatory  reaction  from  pros- 
taglandin synthesis  by  these  tumors. 

Benign  cartilaginous  tumors  with  chondroblast- 
like cells  and  areas  of  chondroid  matrix  forma- 
tion, usually  occur  in  children  and  adolescents, 
median  = 17  years,  mean  = 1 6 years  for  lesions  in 
long  bones,  mean  = 28  years  in  other  bones. 

Most  cases  are  diagnosed  between  the  ages  of  5 
and  25. 

(continued  on  page  428) 
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Fig.  10.136  Pyogenic  osteomyelitis  seen 
as  a poorly  defined  zone  of  abnormal  high 
signal  on  sagittal  fat-suppressed  (FS)  T2- 
welghted  Imaging  (a)  In  the  marrow  of 
the  distal  femur  of  a 6-year-old  male.  The 
Infection  extends  through  the  bone  con- 
lex  resulting  In  a subperiosteal  abscess 
(arrow).  Osteomyelitis  involving  the  first 
metatarsal  marrow  of  a 14-yaar-old  boy  is 
seen  as  a poorly  defined  zone  of  Gd- 
contiast  enhancement  on  coronal  F5  T1- 
weighted  imaging  (b). 


Fig.  10.137  A 5-year-old  male  with  an  eosinophilic  granuloma  In  the  marrow  of  the  distal  humerus  seen  as  a poorly  defined  radlolucent  zone  (a), 
which  has  high  signal  on  coronal  fet-suppressed  (F5)  12-weighted  imaging  (b)  and  shows  prominent  gadolinium-contiast enhancement  on  axial  FST1- 
wdghted  imaging  (c).  The  intiamedullaiy  lesion  extends  through  thecorbexintothe  adjacent  soft  tissues.  Elevated  periosteum  is  also  seen  (arrows). 


Fig.  10.138  A 13-year-old  girl  with  a 
chondroblastoma  in  the  epiphysis  of  the 
proximal  tibia  seen  as  a lesion  with  thin 
low  signal  margins  (arrow)  surrounding  a 
central  zone  with  low,  intennediate. 
slightly  high,  and  high  signal  on  coronal 
fet-suppressed  12-weighted  imaging  (FS 
12 Wl)  (a).  Poorly  defined  zones  with  high 
signal  on  FS  T2WI  and  contrast  enhance- 
ment on  axfal  FST1  -weighted  Imaging  (b) 
are  seen  in  the  epiphyseal  and  metaphy- 
seal marrow  peripheral  to  the  lesion,  as 
well  as  periosteal  zones  with  high  signal 
and  contrast  enhancement 
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Table  10.6  (Cont.)  Solitary  Intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 


MRI 


Comments 


Giant  cell  tumor  of  bone 
(►  Fig.  10.139) 


Giant  cell  reparative  granuloma 
(►  Fig.  10.140) 


Aneurysmal  bone  cyst  (ABC) 
(►  Fig.  10.141) 


Lesions  can  have  thin  low  signal  margins  on 
TIWI,  PDWI,  and  T2WI.  Solid  portions  of  giant 
cell  tumors  often  have  low  to  Intermediate 
signal  on  T1WI  and  PDWI,  Intermediate  to  high 
signal  on12WI,  and  high  signal  on  F5  PDWI  and 
FS  T2WI.  Zones  of  low  signal  on  12WI  may  be 
seen  secondary  to  hemosiderin.  Aneurysmal 
bone  cysts  can  be  seen  In  14%  of  giant  sell 
tumors.  Aruas  of  cortical  thinning,  expansion, 
and/or  destruction  can  occur  with  extraosseous 
extension.  Tumors  show  varying  degrees  of  Gd- 
contrast  enhancement  Poorly  defined  zones  of 
Gd-contrast  enhancement  and  high  signal  on  F5 
T2WI  may  also  be  seen  In  the  marrow  peripheral 
to  the  portions  of  the  lesions  a&roda ted  with 
radiographic  evidence  of  bone  destruction, 
possibly  Indicating  reactive  Inflammatory  and 
edematous  changes  associated  with  elevated 
tumor  prostaglandin  levels. 

Lesions  can  have  heteiogeneous  low.  Interme- 
diate, and/or  high  signal  on  TIWI,  PDWI,  and 
T2WI;  as  well  as  peripheral  rfmllUe  and  central 
Gd-contrast  enhancement  on  FS  TIWI.  May  be 
surrounded  by  poorly  defined  zone  of  high 
signal  on  FS  T2WI  and  Gd-contrast  enhance- 
ment In  the  adjacent  marrow. 

ABCs  often  have  a low  signal  rim  on  TIWI  and 
T2WI  adjacent  to  normal  medullaiy  bone,  and 
between  extraosseous  soft  tissues.  Various 
combinations  of  low,  intermediate,  and/or  high 
signal  on  T1 W,  PDWI,  and  T2W  Images  are 
usually  seen  within  ABCs  as  well  as  fluid-fluid 
levels.  Variable  Gd-contrast  enhancement  is 
seen  at  the  maiglns  of  lesions  as  well  as 
Involving  the  Internal  septae.  Poody-deflned 
zones  with  increased  signal  on  FS  12WI  may  be 
seen  In  marrow  adjacent  to  these  lesions. 


Aggressive  bone  tumors  composed  of  neoplastic 
mononuclear  cells  and  scattered  multinudcated 
osteodast-lilie  giant  cells.  Accounts  for  23%  of 
primaiy  nonmallgnant  bone  tumors  and  5 to  9% 
of  all  primary  bone  tumors;  median  age- 30 
years. 


Giant  cell  reparative  granulomas  are  also 
referred  to  as  solid  aneurysmal  bone  cysts 
(ABCs).  Histologic  appearance  resembles  brown 
tumors. 


Tumor-lilie  expansile  bone  lesions  containing 
cavernous  spaces  filled  with  blood.  ABCs  can  be 
primary  bone  lesions  (two  thiids)  or  secondary 
to  other  bone  lesions/tumors.  Account  for 
approximately  1 1X  of  primaiy  tumor-HUe  lesions 
of  bone.  Patients  usually  range  In  age  from  1 to 
25  years,  median  = 14  years. 


(continued  on  poge  430) 
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Fig. 10.139  A 34-year-old  woman  with  a 
giant  cell  tumor  In  tiie  distal  lateral  tibia. 
Centrally  the  tumor  has  high  signal  on 
coronal  fat-suppressed  12-weighted 
imaging  (FS  T7WI)  (a)  and  shows  gado- 
linium-contrast enhancement  on  coronal 
FS  Tl-welghted  Imaging  (b).  The  tumor  is 
sunoundedbya  thin  rim  of  low  signal  and 
a poorly  defined  peripheral  zone  of  high 
signal  on  FS  T2WI  and  Gd-contrast 
enhancement  in  the  marrow. 
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Fig.  10.140  A 14-year-old  girl  with  a giant  cell  granuloma  (solid  aneurysmal  bone  cyst)  Involving  tbe  dlmetaphyssal  portion  of  die  proximal  tibia. 
The  lesion  shows  a thin  peripheral  rimlike  zone  of  low  signal  surrounding  a central  zone  of  Gd-aontiast  enhancement  on  coronal  fat-suppreszd 
T1- weighted  Imaging.  A poorly  defined  zone  of  Gd-oontrast  enhancement  Is  seen  In  the  marrow  adjacent  to  the  lesion. 


Fig. 10. 141  A 14-year-old  girl  with  an 
aneurysmal  bone  cyst  In  the  proximal 
lateral  tibia,  which  has  low  to  Intermedi- 
ate signal  as  well  as  a small  focus  of  high 
signal  on  coronal  Tl-weighbed  imaging 
(a).  The  lesion  contains  multiple  flluld-flluld 
levels  on  aoronal  fat-suppressed  12- 
weighted  imaging  (FS  12WI)  (b).  Poorly 
defined  zones  with  Increased  signal  on  FS 
12 Wl  are  also  seen  In  the  adjacent 
marrow. 


4» 


Lesions  Involving  Bones 


Table  10.6  (Cont)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Osteoid  osteoma 
( Fig.  10.142) 

Intraosseous  circumscribed  lesions  often  less 
than  1 .5  cm  in  diameter,  central  zone  with  low- 
intermediate  signal  on  T1WI  and  high  signal  on 
T2WI  and  FS  T2WI  with  prominent  Cd-contrast 
enhancement,  surrounded  by  a peripheral  rim 
of  low  signal  on  T1  Wl  and  T2WI  (sclerosis). 
Lesions  usually  have  poorly  defined  zones  with 
high  signal  on  T2WI  and  FS  T2WI  and  Cd- 
contrast  enhancement  in  the  man-ow  (edema, 
inflammation)  beyond  the  zone  of  sclerosis  or 
in  adjaaent  soft  tissues  from  prostaglandin 
synthesis  by  these  lesions. 

Benign  osseous  lesion  containing  a nidus  of 
vascularized  osteoid  trabeculae  surrounded  by 
osteoblastic  sclerosis,  usually  occuis  between 
ages  of  5 and  25,  males>  females.  Focal  pain 
and  tenderness  associated  with  lesion,  which  is 
often  worse  at  night,  relieved  with  aspirin. 

Osteoblastoma 
( Fig.  10.143) 

Expansile  lesion  often  greater  than  1.5  cm  in 
diameter  with  low-intermediate  signal  on  T1WI 
and  intennediate-high  signal  on  T2WI  and  FS 
T2WI;  usually  show  Gd-contrast  enhancement. 
Lesions  usually  have  pooriy  defined  zones  with 
high  signal  on  T2WI  and  FS  T2WI  and  Cd- 
contrast  enhancement  in  the  marrow  (edema, 
inflammation)  beyond  the  zone  of  sclerosis  or  in 
adjacent  soft  tissues  from  prostaglandin  syn- 
thesis by  these  lesions. 

Rare  benign  bone-forming  neoplasm  (2%  of 
bone  tumors)  usually  occurs  in  patients  aged  6 
to  30  years,  median  = 1 5 years.  Histologically 
related  to  osteoid  osteomas. 

Brown  tumor 

Lesions  are  usually  radiolucent  on  radiographs 
and  CT.  Lesions  often  have  low-intermediate 
signal  on  T1  Wl,  intermediate  to  slightly  high 
signal  on  T2WI,  and  typically  show  Cd-contrast 
enhancement.  Zones  of  low  signal  on  T2WI  may 
occur  from  hemosiderin.  Expansion  of  aortical 
margins  can  occur  with  or  without  cortical 
disruption/destruction.  Lesions  may  have 
circumscribed  and/or  pooily  defined  margins. 

Most  often  involves  ribs,  mandible,  clavicle, 
pelvis,  craniofacial  bones,  and  vertebrae.  Can 
result  from  primary  hyperparathyroidism  (3  to 
7%)  (oversecretion  of  PTH  from  parathyroid 
adenoma  associated  with  hypercalcemia), 
secondary  type  (vitamin  D deficiency  or  chronic 
renal  failure  with  hypocalcemia  resulting  in 
secretion  of  PTH  and  parathyroid  gland  hyper- 
plasia) (1  to  2%),  or  tertiaiy  type  in  which  the 
secondary  type  leads  to  eventual  autonomous 
elevated  PTH  secretion  from  parathyroid  gland 
hyperplasia. 

(continued  on  page  432) 
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Flg.10.142  A 15-year-old  girl  with  a subper- 
iosteal osteoid  osteoma  involving  tile  proximal 
tibia.  The  radlolucent  nidus  of  the  lesion 
■ontalns  a tiny  caldfkatlon  and  Is  surrounded 
with  endosteal  and  thick  periosteal  bone 
formation  on  sagittal  aomputed  tomographic 
Image  (a).  Ihe  nidus  has  high  signal  on  sagittal 
fat-suppression12-welghted  imaging  (FS 
T2WI)  (b).  Thickened  cortex  adjacent  to  the 
nidus  has  low  and  sllghtiy-hlgh  signal  on  F5 
T2WI  and  is  associated  with  periosteal  reaction 
with  high  signal  in  tile  marrow  and  extraoss- 
eous  soft  tissues. 


Fig.  10.143  A 24-year-old  man  with  an  osteoblastoma  (arrow)  Involving  the  distal  tibia,  which  has  heterogeneous  high  and  low  signal  on  sagittal  fat- 
suppressed  T2-weighted  imaging  (FS 12WI)  (a).  A thin  rim  of  low  signal  is  seen  at  the  periphery  of  the  bjmor  and  at  the  border  with  medullary  bone. 
The  tumor  causes  expansion  and  Irregular  thinning  of  the  anterior  cortical  margin  of  tire  distal  tibia.  The  lesion  shows  prominent  heterogeneous 
gadolinium-contrast  enhancement  on  sagittal  FS  T1  -weighted  imaging  (arrow)  (b).  Poorly  defined  zones  of  high  signal  onT2WI  and  aorrespondlng  Gd- 
contrast  enhancement  are  seen  in  the  marrow  and  soft  tissues  adjacent  to  the  osteoblastoma. 
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Table  10.6  (Cont)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Malignant  lesions 

Metastatic  tumor 
( Fig.  10.144) 

Single  or  multiple  well-circumscribed  or  poorly 
defined  infiltrative  lesions  involving  marrow 
associated  with  cortical  destruction  and  extra- 
osseous  extension.  Lesions  often  have  low- 
intermediate  signal  on  T1  Wl,  low,  intermediate, 
and/or  high  signal  onT2WI  and  FST1WI,  usually 
show  Gd-contrast  enhancement.  Cortical 
destruction  and  tumor  extension  into  the 
extraosseous  soft  tissues  can  occur.  Pathological 
fractures  can  be  associated  with  metastatic 
lesions  involving  tubular  bones  and  vertebrae. 
Periosteal  reaction  is  uncommon. 

Metastatic  lesions  typically  occur  in  the  marrow 
with  or  without  cortical  destruction  and 
exb  aosseous  tumor  extension. 

Plasmacytoma 
( Fig.  10.145) 

Multiple  myeloma  or  single  plasma  cell  neo- 
plasms (plasmacytoma)  are  well-circumscribed 
or  poorly  defined  infiltrative  lesions  involving 
marrow,  low-intermediate  signal  on  T1WI, 
intermediate-high  signal  on  T2WI  and  FS  T2WI; 
usually  show  Gd-contrast-enhancement,  even- 
tual cortical  bone  destruction  and  extraosseous 
extension. 

Malignant  tumors  composed  of  proliferating 
antibody-secreting  plasma  cells  derived  from 
single  clones.  Most  common  primary  neoplasm 
of  bone  in  adults,  median  age -60  years.  Most 
patients  are  older  than  40  years.  May  have 
variable  destiuctive  or  infiltrative  changes 
involving  the  axial  and/or  appendicular  steleton. 

Leukemia 

Single  or  multiple  well-circumscribed  or  poorly 
defined  infiltrative  lesions  involving  marrow; 
low-intermediate  signal  on  T1WI,  intermediate- 
high  signal  on  T2WI  and  FS  T2WI,  often  shows 
Gd-contrast  enhancement,  ± cortical  bone 
destruction  and  exbaosseous  extension. 

Lymphoid  neoplasms  with  involvement  of  bone 
marrow  with  tumor  cells  also  in  peripheral 
blood.  In  children  and  adolescents,  acute 
lymphoblastic  leukemia  (ALL)  is  the  most  fre- 
quent type.  In  adults,  chronic  lymphocytic 
leukemia  (small  lymphocytic  lymphoma)  is  the 
most  common  type  of  lymphocytic  leukemia. 
Myelogenous  leukemias  are  neoplasms  derived 
from  abnormal  myeloid  progenitor  cells.  Acute 
myelogenous  leukemia  (AML)  occurs  in  adoles- 
cents and  young  adults  and  represents  approx- 
imately 20%  of  childhood  leukemia.  Chronic 
myelogenous  leukemia  (CML)  usually  affects 
adults  older  than  25  years. 

(continued  on  page  434) 


432 


Lesions  Involving  Bones 


Rg.  10.144  A 26-year-old  man  with  metastatic  seminoma  In  the 
marrow  of  die  femur  seen  as  a poorly  defined  aone  with  slightly  high  to 
high  signal  on  aoronal  fat-suppressed  T2-weighted  imaging. 


Fig. 10. 145  Plasmacytoma  In  a 75-year- 
old  woman  involving  the  proximal  tibia. 
Ilie  radlolucent  Intramedullaiy  lesion  with 
poorly  defined  margins  and  aortical 
destruction  on  radiograph  (a)  has  high 
signal  wtth  poorly  defined  margins  In  die 
manow  on  sagittal  fat-suppressed  T2- 
weighted  imaging  (b).  Tumor  extends 
through  destroyed  bone  cortex  into  die 
adjaaent  soft  tissues. 
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Table  10.6  (Cont.)  Solitary  intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 


MRI  findings 


Comments 


Lymphoma 
(►  Fig.  10.146) 


Chondrosareoma 
(►  Fig.  10.147) 


Osteosarcoma 
(►  Fig.  10.148) 


Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin 
disease  (HD)  within  bone  typically  appears  as 
single  or  multifocal  poorly  defined  or  circum- 
scribed intramedullaiy  aones  with  low-intenne- 
diate  signal  onTIWI,  and  intermediate,  slightly 
high,  and/or  high  signal  onT2WI  and  high  signal 
on  FS  T2WI;  often  show  Gd-contrast  enhance- 
ment. Zones  of  cortical  destiuction  may  occur 
associated  with  extraosseous  soft  tissue 
extension. 

Intramedullary  tumors  often  have  low-interme- 
diate signal  on  T1  Wl,  intermediate  signal  on 
PDWI.  and  heteiogeneous  intermediate-high 
signal  on  T2WI.  Lesions  usually  show  heteroge- 
neous contrast  enhancement. 

Destructive  intramedullary  malignant  lesions, 
low-intermediate  signal  on  T1WI.  mixed  low. 
intermediate,  high  signal  on  T2WI.  usually  with 
matrix  mineralization/ossification-low  signal  on 
T2  W images;  usually  show  Gd-contrast 
enhancement  (usually  heterogeneous).  May 
have  circumscribed  and/or  ill-defined  margins. 
Zones  of  coitical  destruction  are  typically  seen 
through  which  tumors  extend  into  the  extra- 
osseous  soft  tissues  under  an  elevated  perios- 
teum. Lamellated  and/or  spiculated  aones  of 
bone  formation  can  occur  under  the  periosteal 
elevation  secondary  to  tumor  invasion  and 
perforation  of  bone  cortex.  Low  signal  from 
spicules  of  periosteal,  reactive,  and  tumoral 
bone  formation  may  have  a divergent  (sunburst) 
pattern,  perpendicular  (hair  on  end)  pattern,  or 
disorganised  or  complex  appearance.  Triangular 
aones  of  periosteal  elevation  (Codman  triangles) 
can  be  seen  at  the  boiders  of  zones  of  cortical 
destruction  and  tumor  extension. 


Lymphoid  tumors  with  neoplastic  cells  typically 
within  lymphoid  tissue  (lymph  nodes  and 
reticuloendothelial  organs).  Unlike  leukemia, 
lymphoma  usually  arises  as  discrete  masses. 
Lymphomas  are  subdivided  into  HD  and  NHL. 
Almost  all  primary  lymphomas  of  bone  are  B cell 
NHL.  HD.  mean  age-  32  years.  Osseous  NHL. 
median  = 35  years. 


Malignant  bone  tumors  containing  cartilage 
formed  within  sarcomatous  stroma.  Account  for 
12  to  21%  of  malignant  bone  lesions,  21  to  26% 
of  primary  sarcomas  of  bone.  Mean  age=  40 
years,  median  = 26  to  59  years. 

Malignant  tumor  composed  of  proliferating 
neoplastic  spindle  cells  that  produce  osteoid 
and/or  immature  tumoral  bone,  which  most 
frequently  arise  within  medullary  bone  (meta- 
diaphyseal  > metaphyseal  > diaphyseal  loca- 
tions). Two  age  peaks  of  incidence.  The  larger 
peak  occuis  between  the  ages  of  10  and  20  and 
accounts  for  over  half  of  the  cases.  The  second 
smaller  peak  occurs  in  adults  over  60  years  and 
accounts  for  approximately  10%  of  the  cases. 
Oecurs  in  children  as  piimaiy  tumors  and  adults 
(associated  with  Paget  disease,  irradiated  bone, 
chronic  osteomyelitis,  osteoblastoma,  giant  cell 
tumor,  fibrous  dysplasia. 


(continued  on  poge  436) 
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Fig. 10.146  A 13-year-old  girl  with  Burkftt 
lymphoma  involving  the  marrow  of  tile 
proximal  tibia  seen  as  poorly  defined 
aones  with  low-intermediate  signal  on 
sagittal  Unweighted  imaging  (a)  and  high 
signal  on  fat-suppressed  T2-welghted 
imaging  (b). 
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Fig.  10.147  A 44-year-old  woman  with  a 
diondrosareoma  in  the  proximal  shaft  of 
the  femur,  which  has  chondrold  mineral- 
ization on  axial  computed  tomography 
(a).  The  tumor  has  high  signal  with  poorly 
defined  margins  on  coronal  fat-sup- 
pressed 12-welghted  Imaging  (b). 


< 
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Fig. 10. 143  A 9-year-old  girl  with  an 
osteosaroma  Involving  proximal  epiphy- 
seal and  metaphyseal  portions  of  tire  tibia 
(arrow)  with  malignant  tumoral  ossifica- 
tion (a).  The  tumor  has  heterogeneous 
high  signal  on  eoronal  fat-suppressed  T2- 
weighted  imaging  (b)  with  poorly  defined 
margins  and  Is  associated  with  cortical 
destruction  and  periosteal  elevation  from 
extraoaeous  tumor  extension. 
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Table  10.6  (Cont.)  Solitary  Intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comment! 

Ewing  sarnoma 
(►  Fig.  10.149) 

Destructive  malignant  lesions  Involving  marrow, 
low-intermediate  signal  on  T1WI,  mined  low, 
intermediate,  and/or  high  signal  on  T2WI  and  FS 
T2WI,  usually  shows  Gd-aontrast  enhancement 
(usually  heterogeneous).  Extraoseous  tumor 
extension  through  sites  of  cortical  destruction  is 
commonly  seen  beneath  an  elevated  perios- 
teum. Thin  striated  zones  of  low  signal  on  T2WI 
can  sometimes  be  seen  oriented  perpendicular 
to  die  long  axis  of  the  Involved  bone  under  the 
elevated  periosteum  representing  the  hair  on 
end  appearance  of  reactive  bone  formation 
secondary  to  the  tumor.  In  long  bones,  tumors 
are  most  often  located  In  the  diaphyseal  region, 
followed  by  tire  metadiaphyseal  region. 

Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  cells  with  round  nudei. 
Account!  for  6 to  1 IX  of  primary  malignant 
bone  tumors,  5 to  7X  of  primary  bone  tumors. 
Usually  occurs  between  the  ages  of  5 and  30, 
males>females,  locally  invasive,  high  metastatic 
potential. 

Malignant  giant  cell  tumor 
(►  Fig.  10.150) 

Well-defined  lesions  with  or  without  thin  low 
signal  maigins  onTIWI  and  T2WI.  Solid 
portions  of  giant  cell  tumors  often  have  low  to 
Intermediate  signal  on  T1WI  and  PDWI,  Inter- 
mediate to  high  signal  on  T2WI,  and  high  signal 
on  FS  PDWI  and  FS  T7WI.  Signal  heterogeneity 
on  12WI  Is  not  uncommon.  Aneuiysmal  bone 
cysts  are  seen  with  14%  of  giant  cell  tumors, 
lesions  show  mild  to  prominent  variable  and 
often  heterogeneous  Gd-contrast  enhance- 
ment Cortical  destruction  and  extraosseous 
tumor  extension  are  frequently  seen. 

Aggressive  bone  tumors  composed  of  neoplastic 
ovoid  mononudear  cells  and  scattered  muhi- 
nudeated  osteodast-lite  giant  cells.  Up  to  1 0% 
of  all  giant  cell  tumors  are  malignant  Benign 
giant  cell  tumors  account  for  approximately  5 to 
9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell 
tumors  occur  In  patients  between  the  ages  of  1 5 
and  45  year*. 

(continued  on  poge  438) 

Fig.  10.149  An  1 1-year-old  boy 
with  Ewing  sarcoma  in  the  tibia 
seen  as  a poorly  defined  radlo- 
luaent  Intramedullary  lesion 
(arrows)  associated  with  corti- 
cal disruption  and  Interrupted 
periosteal  elevation  on  lateral 
radiograph  (a).  The  tumor  has 
high  signal  In  the  marrow  on 
coronal  fat-suppressed  (FS)  T2- 
weighted  imaging  (b)  and 
shows  contrast  enhancement 
on  ooronal  FS  Tl-welghted 
Imaging  (c).  Tumor  extends 
through  destroyed  bone  cortex 
with  elevation  of  disrupted 
periosteum. 
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Fig.  10.150  A 16-year-old  boy  with  a malignant  giant  cell  tumor  in  tile 
marrow  of  the  distal  tibia  associated  with  aortical  destruction  and 


extraoseous  extension.  The  Intramedullary  portion  of  the  tumor  has 
high  signal  centrally  on  aoronai  fat-suppressed  T2-weighled  imaging 
surrounded  by  a rim  of  low  signal,  and  a poorly  defined  peripheral  zone 
of  high  signal  In  tire  adjacent  marrow. 
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Ta Me  10.6  (Cont.)  Solitary  Intramedullary  lesions  with  poorly  defined  margins  of  abnormal  marrow  signal 


Abnormalities 

MRI  findings 

Comments 

Fibrosarcoma 

Intramedullary  lesions  with  Irregular  margins, 
with  or  without  associated  cortical  destruction 
and/or  extra  osseous  soft  tissue  masses.  Lesions 
usually  have  low-intermediate  signal  on  T1WI 
and  PDWI,  and  heterogeneous  Intermediate, 
slightly  high,  and/or  high  signal  on  T2W1. 

Lesions  usually  show  heterogeneous  Gd- 
contrast  enhancement. 

Fibrosarcomas  are  uncommon  malignant 
tumors  consisting  of  bundles  of  neoplastic 
fibroblasts/spindle  cells  with  varying  proportions 
of  collagen,  lacking  other  tissue-differentiating 
features  such  as  tumor  bone,  osteoid,  or 
cartilage.  Can  be  primary  lesions  (75%)  or  aiise 
as  secondary  tumors  (25%)  associated  with  prior 
irradiation,  Paget  disease,  bone  Infaict,  chronic 
osteomyelitis,  fibrous  dysplasia,  giant  cell  tumor. 
Account  for  3 to  5%  of  prfmaiy  malignant  bone 
tumors  and  2 to  4%  of  all  bone  tumors;  median 
age =43  years. 

Malignant  fibrous  histiocytoma 
(i  Fig.  10.151) 

Intramedullary  lesions  with  Irregular  margins 
with  zones  of  cortical  destruction  and  extra  oss- 
eous extension.  Tumors  often  have  low-inter- 
mediate signal  onTI  Wl,  low-intermediate  signal 
on  PDWI.  and  heterogeneous  Intermediate-high 
signal  on  12WI  and  FS 12WI.  Invasion  into  Joints 
occurs  In  30%.  May  be  associated  with  bone 
infarcts,  bone  cysts,  dironlc  osteomyelitis, 

Paget  disaase,  and  other  treated  primary  bone 
tumors.  Lesions  usually  show  heterogeneous 
Gd-contrast  prominent  enhancement. 

Malignant  tumor  Involving  soft  tissue  and  rarely 
bone  derived  from  undifferentiated  mesendty- 
mal  cells.  Contains  cells  with  limited  cellular 
differentiation  such  as  mixtures  of  fibroblasts, 
myofibroblasts,  hlstiocyte-lllie  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for 

1 to  5%  of  prfmaiy  malignant  bone  tumors 
and<  1%  to  3%  of  all  prlmaiy  bone  tumors. 
Patient  ages  range  from  1 1 to  80  years, 
median  -48  years,  mean  -55  years. 

Paget  sarcoma 
(►  Fig.  10.152) 

Irregular  zones  of  medullary  and  cortical  bone 
destruction  associated  with  an  extraosseous 
soft-tissue  mass-lesion.  Ihe  involved  marrow 
typically  has  low  to  intermediate  signal  on  T1WI 
and  PDWI  and  low  to  high  signal  on  12WI. 
Abnormal  Gd-contiast  enhancement  Is  seen  In 
the  marrow  as  well  as  in  the  extraosseous  tumor 
extension. 

Paget  disease  is  most  common  bone  disease  in 
older  adults  after  osteoporosis.  Median  age- 66 
years.  Disordered  bone  resorption  and  woven 
bone  formation  occurs  resulting  in  osseous 
deformity.  Associated  with  less  than  1%  risk  for 
developing  secondary  sarcomatous  changes. 

Fig.  10.151  Malignant  fibrous  histiocytoma  involving 
die  humerus  In  a 55-yearold  woman  seen  as  a 
radlolucentlntiamedullaiy  lesion  (a)  (arrow)  with  poorly 
defined  margins  and  endosteal  erosion,  which  has  high 
signal  wftii  poorly  defined  margins  In  die  marrow  on 
fat-suppressed  T2-weighted  Imaging  (b). 
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Fig.  10.152  A 71 -year-old  woman  with  Paget  sarcoma  involving  the 
marrow  of  the  distal  femur  associated  with  cortical  destruction  and 
extraosseous  extension  as  seen  on  sagittal  T1-we#ghted  imaging. 
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10.7  Solitary  Intramedullary 
Lesions  Located  Near  the  Ends  of 
Tubular  Bones 

• Nonmalignant  lesions 
o Enchondroma 
° Giant  cell  tumor  of  bone 
° Giant  cell  reparative  granuloma 
o Chondroblastoma 
o Chondromyxoid  fibroma 
o Osteoblastoma 
° Intraosseous  lipoma 
o Geode/subchondral  degenerative  cyst 
° Intraosseous  ganglion 

° Intraosseous  extension  of  inflammatory  synovium/pannus 
° Intraosseous  caldfic  tendinopathy 
o Fracture 
o Bone  contusion 


o Osteochondritis  dissecans 
o Bone  infarct 

o Transient  bone  marrow  edema  (acute  bone  marrow  edema 
syndromes  [aBMEs],  transient  osteoporosis  of  the  hip, 
regional  migratory  osteoporosis) 
o Osteomyelitis 
o Eosinophilic  granuloma 
• Malignant  lesions 
° Metastatic  lesion 
o Plasmacytoma 
o Lymphoma 
o Leukemia 
o Chondrosarcoma 
o Osteosarcoma 
o Ewing  sarcoma 
o Malignant  giant  cell  tumor 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Hemangioendothelioma 


Table  10.7  Solitary  Intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Enchondroma 
(►  Fig.  10.153; 

1 Fig.  10.154) 

Lobulated  circumscribed  Intramedullary  lesions,  which 
usually  have  low-intermediate  signal  on  T1  -weighted  Imag- 
ing (T1WI)  and  Intermediate  signal  on  proton  density- 
weighted  imaging  (PDWI).  On  T2-weighted  imaging  (T2WI) 
and  fat-suppiessed  (FS)  T2WI,  lesions  usually  have  pre- 
dominantly high  signal  with  foci  and/or  bands  of  low  signal 
representing  areas  of  matrix  mineralization  and  fibrous 
strands.  Lesions  typically  show  gadolinium  (Gd)-contrast 
enhancement  in  various  patherns  (peripheral  curvilinear 
lobular,  central  nodular/septal  and  peripheral  lobular,  or 
heterogeneous  diffuse). 

Benign  intramedullary  lesions  composed  of  hyaline  cartilage 
represent  approximately  10%  of  benign  bone  tumors. 
Enchondromas  can  be  solitary  (88%)  or  multiple  (12%). 

Median  age  - 35  years,  peak  in  third  and  fourth  decades. 

(continued  on  page  442) 
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Rg,  10,153  A 14-year-old 
girl  with  an  endiondroma 
In  the  epiphysis  of  die 
proximal  tibia,  wlildi  has 
kjw4rrter  mediate  signal  on 
coronal  T1 -weighted 
Imaging  (T1  Wl)  (arrow)  (a) 
and  high  signal  on  sagittal 
fat-suppressed  (FS)  T2- 
wekjhfced  Imaging  (b).  The 
lesion  shows  peripheral 
lobular  gadolinium-con- 
trast enhancement  on  cor- 
onal FS  T1WI  (c).  The 
lesion  (arrow)  aon tains 
chondrold  mineralization 
on  axial  computed  tomog- 
raphy (d). 


Fig.  10.154  A 39-year-old  woman  with  an  endiondroma  in  tire  distal  femur,  which  eontalns  diondiold  mineralization  (arrow)  (a).  The  lesion  has  low- 
intermediate  signal  on  sagittal  proton  density^weighted  imaging  (b)  and  high  signal  on  sagittal  fat-suppressed  12-weighted  imaging  (c). 
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Table  10.7  (Cont.)  Solitary  intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Giant  cell  tumor  of 
bone 

(►  Fig.  10.155) 

Often  well-defined  lesions  with  thin  low  signal  margins  on 
T1WI,  PDWI.  and  F2WI.  Solid  portions  of  giant  cell  tumors 
often  have  low  to  intermediate  signal  onTIWI  and  PDWI, 
Intermediate  to  high  signal  on  T2WI,  and  high  signal  on  F5 
PDWI  and  FS  T2WI.  Zones  of  low  signal  on  T2W1  may  be 
seen  secondary  to  hemosiderin.  Aneurysmal  bone  cysts 
(ABCs)  can  be  seen  In  14%  of  giant  cell  tumors.  Areas  of 
oortical  thinning,  expansion,  and/or  destruction  can  occur 
with  extraosseous  extension.  Tumors  show  vaiying  degrees 
of  Gd-oontrast  enhancement. 

Aggressive  bone  tumors  composed  of  neoplastic  mono- 
nuclear cells  and  scattered  muitinudeated  osteoclast  ! ike 
giant  cells.  Account  for  23%  of  primary  nonmalignant  bone 
tumors  and  and  5 to  9%  of  all  primary  bone  tumors.  Median 
age-  30  years. 

Giant  cell  reparative 
granuloma 
(►  Fig.  10,156) 

Lesions  can  have  heterogeneous  low,  intermediate,  and/or 
high  signal  on  T1WI,  PDWI,  and  T2WI  as  well  as  peripheral 
rimllke  and  central  Gd-contrast  enhancement  on  F5  T1WI. 
May  be  surrounded  by  poorly  defined  aone  of  high  signal  on 
F5  T2WI  and  Gd-contrast  enhancement  in  the  adjacent 
maoow. 

Giant  cell  reparative  granulomas  are  also  referred  to  as  solid 
ABCs.  Histological  appearance  resembles  brown  tumors. 

Chondioblastoma 
(►  Fig.  10.157) 

Tumors  offer)  have  fine  lobular  margins  and  typically  have 
low-intermediate  heterogeneous  signal  on  T1WI  and  mtod 
low.  Inter  mediate,  and/or  high  signal  onTZWI.  Ares  of  low 
signal  on  T2WI  are  secondary  to  diondroid  matrix  mineral- 
ization and/or  hemosiderin.  Lobular,  marginal,  or  septal  Gd- 
contrast  enhancement  patterns  can  be  seen.  Poorly  defined 
aones  with  high  signal  on  T7WI  and  F5  T2WI  and 
corresponding  Gd-contrast  enhancement  are  typically  seen 

In  the  marrow  adjacent  to  the  lesions  representing 
inflammatory  reaction  from  prostaglandin  synthesis  by 
these  tumors. 

Benign  cartilaginous  tumors  with  diondioblast-like  cells  and 
areas  of  chondroid  matiix  fbnnation,  usually  occur  in 
children  and  adolescents,  median- 17  years,  mean -16 
years  fo  r lesions  i n long  bones,  mean  = 28  years  in  other 
bones.  Most  cases  are  diagnosed  between  the  ages  of  5 and 
25  years. 

(continued  on  poge  444) 
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Fig.  10.156  A 33-year-old  woman  with  a 
giant  cell  granuloma  in  the  distal  femur, 
which  shows  gadollnlum-aontrast 
enhancement,  cortical  destiuctfon,  and 
extraocseous  extension  on  coronal  (a)  and 
sagittal  fat-suppressed  T1 -weighted 
Imaging  (b). 


Fig. 10. 157  A 13-year-old  girl  with  a chondroblastoma  Involving  the 
epiphysis  of  die  proximal  tibia.  The  lesion  has  mixed  high  and  low 
signal  with  thin  low  signal  margins  on  coronal  fat-suppressed  T2- 
weighted  Imaging.  Poorly  defined  zones  with  high  signal  are  also  seen 
In  die  adjacent  marrow. 
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Table  10.7  (Cont)  Solitary  intramedullary  lesions  footed  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Chondnomyxold 
fibroma 
(►  Fig.  10.158) 

lesions  are  often  sllghdy  lobulated  with  low -Intermediate 
signal  on  T1WI  and  heterogeneous  predominantly  high 
signal  on  12WL  Magnetic  resonance  (MR)  signal  heteroge- 
neity on  T2WI  Is  related  to  the  proportions  of  myxoid, 
chondrold,  and  fibrous  components  within  die  lesions.  lliln 
low  signal  septa  on  TZWI  can  be  seen,  lesions  are 
surrounded  by  low  signal  borders  representing  tiiln  sclerotic 
reaction.  Edema  Is  not  typically  seen  in  adjacent  medullary 
bone,  lesions  show  prominent  diffuse  Gd-contrast 
enhancement 

Rare,  benign,  slow-growing  bone  lesions  tiiat  contain 
diondrok),  myxoid,  and  fibrous  components.  Chondromyx- 
oid  fibromas  represent  2 to  4%  of  primary  benign  bone 
lesions,  and<  1%  of  primaiy  bone  lesions.  Most  chondro- 
myxold  fibromas  occur  between  die  ages  of  1 to  40  years, 
with  a median  of  17  years,  and  peak  incidence  in  the  second 
to  tiilid  decades. 

Osteoblastoma 
(►  Fig.  10.159) 

Expansile  lesion  often  greater  than  1.5cm  in  dlamrter  with 
low-intermediate  signal  onTIWI  and  intermediate-high 
signal  on  T2WI  and  F5  T2WI,  typically  shews  Gd-contrast 
enhancement  Lesions  usually  have  poorly  defined  zones 
with  high  signal  on  TZVM  and  FS 12WI  and  Gd-contrast 
enhancement  In  die  marrow  (edema,  Inf  lammatlon)  beyond 
zone  of  sclerosis  or  In  adjacent  soft  tissues  from  prosta- 
glandin synthesis  by  these  lesions. 

Rare  benign  bone-fbrmlng  neoplasm  (2%  of  bone  tumors) 
usually  occurs  at  age  6 to  30  years,  median  - 1 5 years. 

Intraosseous  lipoma 
(►  Fig.  10.160) 

lesions  can  have  heterogeneous  low,  Intermediate,  and/or 
high  signal  on  T1WL  POW),  and  12WI  as  well  as  peripheral 
rimlike  and  central  Gd-contrast  enhancement  on  FS  T1WI. 

Uncommon  benign  hamartomas  composed  of  mature  white 
adipose  tissue  without  cellular  atypia.  Osseous  or  chondrold 
metaplasia  with  myxoid  changes  can  be  associated  witii 
lipomas.  Account  for  approximately  0.1%  of  bone  tumors; 
likely  underreported. 

Geode/subchondral 
degenerative  cyst 
(►  Fig.  10.161) 

Typically  have  sharply  defined  margins  and  contain  low 
signal  on  T1WI,  low-intermediate  signal  on  POWI,  and 
homogeneous  high  signal  on  12WI.  Poorly  defined  aones  of 
Gd-contrast  enhancement  can  be  seen  in  the  marrow 
adjacent  to  die  subchondral  cysts  on  F5  T1WI. 

A geode  or  subchondral  cyst  Is  a cystic  lesion  located  near 
the  end  of  a long  bone  where  there  are  changes  of 
degenerative  osteoarthropathy.  Lesions  can  result  from 
synovial  fluid  Intrusion  and/or  bony  contusion  In  the  setting 
of  degenerative  joint  disease. 

(continued  on  page  446) 


Fig.  10.1 58  A 34-yearold  manwtth  a diondromyxold  fibroma  Involving  die  first  metatarsal  bead.  The  lesion  has  circumscribed  low  signal  margins  and 
contains  intermediate  signal  on  aononal  T1  -weighted  imaging  (T1WI)  (a)  and  high  signal  on  eoronal  fat-suppressed  (F5)  T2- weighted  Imaging  (b).  The 
lesion  shows  Gd-contiast  enhancement  on  coronal  F5  T1WI  (c). 


Fig.  10.159  A 24-year-old  man  with 
an  osteoblastoma  In  die  distal  dbla. 
The  lesion  (arrow)  is  associated  with 
•ordeal  tiilnnlng  and  expansion  and 
has  low-intermediate  signal  on  sag- 
ittal proto  density-weighted 
imaging  (a)  and  heterogeneous 
high  and  low  signal  on  sagittal  fat- 
suppressed  T2-weighled  imaging 
(F5  12 Wl)  (b).  Poorly  defined  high 
signal  on  F5  T2WI  Is  also  seen  in  the 
manow  adjacent  to  the  lesion. 
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Fig.  10.160  A 74-ye®r-old  man  witti  an  intraosseous  lipoma  in  the 
distal  portion  of  the  femur  (arrow),  which  has  high  signal  peripherally 
surrounding  a central  zone  with  Intermediate  and  low  signal  from 
cystic  degeneiation  and  dystrophic  calcifications  on  proton  density- 
weighted  imaging. 


Fig.  10.161  A 50-ye^r-old  man  with  a geode  or  degeneradve-arthrltlc-subdiondral  cyst  In  the  prosdmal  lateral  tibia  beneath  a degenerated 
meniscus  and  disrupted  hyaline  cartilage.  The  lesion  (anew)  has  circumscribed  margins  and  contains  high  signal  centrally  on  eoronal  (a)  and 
fat-suppressed  T2-welghted  imaging  (b). 


lateral 

sagittal 
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Table  10.7  (Cont.)  Solitary  Intramedullary  lesions  looted  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Intraosseous  ganglion 
(►  Fig.  10.162) 

Can  have  round,  oval,  or  serpiginous  eonflgurations  with 
sharply  defined  margins.  These  lesions  typically  sontain  low 
signal  on  T1WI,  low-intermediate  signal  on  PDWI,  and  high 
signal  on  T2WI. 

Benign  cystic-llbe  lesion  usually  located  at  or  near  die  ends 
of  long  bones  and  not  associated  with  degenerative  osteo- 
arthropathy. Lesions  can  result  from  intraosseous  extension 
from  a ganglion  In  die  soft  tissues  or  from  Intraosseous 
mucoid  degeneration,  synovial  rests,  or  synovial  intrusion. 

Intraosseous  extension 
of  Inf  lammatoiy  syno- 
vium/pannus 
(►  Rg.  10.163) 

Hypertrophied  synovium  can  be  diffuse,  nodular,  and/or 
vfllous.  Often  has  low  to  Intermediate  or  intermediate  signal 
on  T1WI  and  PDWI  and  low  to  intermediate,  intermediate, 
and/or  slightly  high  to  high  signal  onT2WI.  Erosive  changes 
In  subchondral  bone  appear  as  aones  of  low  signal  on  T1WI 
and  high  signal  on  T2WI.  Gd-eontiast  enhancement  is  often 
seen  within  die  erosions. 

inflammatory  synovitis  associated  wldi  rheumatoid  ardnltls 
can  result  In  progressive  destruction  of  cartilage  and  cortical 
bone  leading  with  intraosseous  extension  and  trabecular 
destitution.  Prevalence  ranges  from  03  to  2.1  % of  die  world 
population;  BOX  of  adult  patients  present  between  the  ages 
of  35  and  50.  Incidence  of  juvenile  rheumatoid  arthritis  (JRA) 
ranges  from  6 to  19.6  cases  per  100,000.  Patients  witii  JRA 
range  In  age  from  5 to  16  years,  mean  - 10.2  years. 

Intraosseous  calcific 
tendlnopathy 
(►  Fig.  10.164) 

Zones  witii  slightly  high  and  low  signal  on!2WI  and  F5T2WI 
ane  seen  In  tendons  with  or  wltiiout  erosion  of  bone  eorlex. 
Intramedullary  zones  with  mixed  low,  Intermediate,  and/or 
high  signal  on  T2WI  and  FS  T2W1  may  be  seen  in  die 
adjacent  manow. 

Degeneiative  disorder  widi  amorphous  calcifications  in 
tendons  or  bursa  associated  wftii  erosion  of  adjacent  bone 
eortex,  with  or  without  manow  Invasion.  Most  common  In 
humerus  and  lemur  in  patients  aged  16  to  82  years, 
average-  50  years. 

(continued  on  page  448) 
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Fig.  10.163  A 71-year-old  man  with  pannus  eroding  Into  tiie  distal  radius  resulting  In  destruction  of  trabecular  bone  and  an  Intraosseous  cystilke 
lesion.  The  Intraosseous  lesion  has  Intermediate  signal  on  aoronal  Tl-weighted  Imaging  (T1W1)  (a)  and  heterogeneous  high  signal  on  eoronal  72- 
weighted  imaging  (b).  Gadolinium-contrast  enhancement  is  seen  at  tire  margins  of  the  intraosseous  lesion  on  coronal  fat-suppreaed  T1WI  (c)  as  well 
as  In  the  hypertrophied  synovium  in  the  wrist  Abo  seen  Is  destruction  of  hyaline  cartilage  at  tire  carpal  bones  and  distal  ulna. 


Fig.  10.164  A 57-year-olid 
woman  with  intraosseous 
calcific  tendlnopathy  in  the 
humerus.  Calcification  is 
seen  in  tiie  rotator  cuff 
near  tiie  Insertion  site 
associated  with  an  intra- 
osseous zone  of  increased 
attenuation  (arrow)  on 
anteroposterior  radiograph 
(a).  Coional  proton  den- 
sity-weighted imaging  (b) 
shows  a circumscribed 
intraosseous  zone  with  low 
and  intermediate  signal 
beneath  a aone  of  eortlcal 
disruption.  The  intraoss- 
eous lesion  has  mixed  high 
and  low  signal  on  eoronal 
fat-suppresed  (F5)  T2- 
weighted  imaging  (c),  as 
well  as  a poorly  defined 
aone  with  high  T2  signal  in 
tiie  adjacent  marrow.  The 
intraosseous  lesion  shows 
marginal  Gd-contrast 
enhancement  surrounding 
tiie  circumscribed  lesion, 
and  a poorly  defined  aone 
of  contrast  enhancement  is 
seen  in  tiie  adjacent  bone 
marrow  on  F5  Tl-welghted 
imaging  (d). 
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Table  10.7  (Cent.)  Solitary  intramedullary  lesions  looted  near  the  ends  of  tubular  bones 

Abnormalities 

MRI  findings 

Comments 

Fracture 
(>  Fig.  10.165) 

Acute/subacute  fractures  typically  have  abnormal  marrow 
signal  (usually  low  signal  on  T1WI,  high  signal  on  T2WI  and 
FS  T2WI).  Gd-contrast  enhancement  is  typically  seen  in  tile 
postfracture  period.  Angulated  cortical  maigins  and  perios- 
teal high  signal  on  F5  T2WI  can  be  seen  with  traumatic 
fractures.  A curvilinear  zone  of  low  signal  on  12WI  and  F5 
T2WI  may  be  seen  within  die  marrow  edema  In  stress 
fractures. 

Can  result  from  trauma,  primary  bone  tumors/lesions, 
metastatic  disease,  bone  infarcts  (steroids,  chemotherapy, 
and  radiation  treatment),  osteoporosis,  osteomalada, 
metabolic  (calcium/  phosphate)  disorders,  vitamin  deficien- 
cies, Paget  disease,  and  genetic  disorders  (e.g.,  osteogenesis 
Imperfecta). 

Bone  contusion 
(►  Fig.  10.166) 

Contusions  usually  appear  as  poorly  defined  Intramedullary 
zones  with  low-intermediate  signal  on  T1WI  and  high  signal 
on  F5  TZW1,  and  corresponding  Gd-contrast  enhancement. 
Adjacent  cortical  margins  are  typically  Intact. 

Also  referred  to  as  bone  bruises,  contusions  represent 
trabecular  mkrofiactures  without  cortical  fracture.  In  die 
knee,  contusions  at  die  lateral  femoral  condyle  and 
posterolateral  proximal  tibia  are  commonly  associated  witii 
Injuries  to  the  anterior  cruciate  ligament. 

Osteochondritis  disse- 
cans 

(►  Fig.  10.167) 

Subchondral  lesions  in  marrow  ranging  from  1 to  3 an  with 
low-intermediate  signal  on  T1WI  and  T2WI.  Small  ln*egular 
zones  with  slightly  high  to  high  signal  may  be  seen  with  FS 
T2WI.  A linear  zone  with  high  signal  on  72WI  along  tile 
margins  can  represent  tracking  of  synovial  fluid  from  a 
defect  in  the  overlying  hyaline  cartilage  and  Is  associated 
with  an  increased  risk  of  fragmentation  and  separation. 

Osteochondrosis  in  whidi  there  is  localized  necrosis  followed 
by  reosslfkatlon  and  healing  unless  there  Is  osteochondral 
f ragmentation  and  separation.  Lesions  commonly  occur  at 
the  lateral  surface  of  the  medial  femoral  condyle  as  well  as 
the  capitellum.  talar  dome,  and  femoral  head. 

Bone  Infarct 
(►  Fig.  10.168) 

A double-line  sign  (curvilinear  adjacent  zones  of  low  and 
high  signal  on  T2WI)  Is  commonly  seen  at  die  edges  of  the 
infarcts  representing  tile  borders  of  osseous  resorption  and 
healing.  Irregular  Gd-contrast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth. 

Zones  of  ischemic  death  involving  bone  trabeculae  and 
marrow,  whidi  can  be  idiopatiilc  or  result  from  trauma, 
corticosteroid  treatment,  diemotiierapy,  radiation  treat- 
ment, oedusive  vascular  disease,  collagen  vascular  and  other 
autoimmune  diseases,  metabolic  storage  diseoes  (e.g.. 
Gaudier  disease),  sidde  cell  disese,  thalassemia,  hyperbaric 
events/Calsson  disease,  pregnancy,  alcohol  abuse,  pancrea- 
titis, infections,  and  lyinphoproliferatrve  diseoes. 

(continued  on  page  450) 


Fig.  10.165  A 20-yw-old  man 
with  a traumatic  fracture  of  the 
tiblal  plateau  is  seen  on  lateral 
radiograph  (a).  Cortical  dis- 
continuity and  subjacent  poorly 
defined  zones  of  high  signal  In 
die  marrow  are  seen  on  sagittal 
fat-suppressed  12-weighted 
imaging  (b). 
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Fig.  10.167  Osteochondritis  disse- 
cans involving  the  lateral  aspect  of 
the  medial  femoral  aondyle  In  a 12- 
yaar-old  boy,  which  Is  seen  as  a 
poorly  defined  zone  of  low-inter- 
mediate signal  In  the  subchondral 
marrow  (arrow)  on  coronal  proton 
density-weighted  imaging  (a)  and 
high  signal  (arrow)  on  aoronai  fat- 
sup  pressed  T2  weighted  Imaging 
(b). 


Fig.  10.168  A 49-year-old  woman  with  a bone  infarct  in  the  distal  femur  as  seen  on  sagittal  proton  density-weighted  imaging  (a)  and  sagittal  (b)  and 
axial  fat-suppressed  12-weighbed  imaging  (c). 
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Table  10.7  (Cont.)  Solitary  Intramedullary  lesions  looted  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Transient  bone  manow 
edema  (acute  bone 
manow  edema  syn- 
dromes [aBMEs],  tran- 
sient osteoporosis  of 
die  hip,  regional 
mlgratoiy  osteo- 
porosis) 

(►  Fig.  10.169) 

Poorly  defined  zones  with  low-intermediate  signal  on  T1WI 
and  high  signal  on  FS  T2WI  and  short  T1  inversion  recovery 
(STIR)  are  seen  in  the  marrow  of  the  proximal  hip  (femoral 
head  and  neck).  Ihe  signal  abnormalities  may  spare  the 
subchondral  manow.  Magnetic  resonance  imaging  (MRI) 
findings  can  be  seen  within  48  hours  of  the  onset  of 
symptoms.  Joint  effusions  may  be  present,  With  dynamic 
Cd-contrast  administration,  delayed  peak  enhancement  can 
be  seen  with  aBME. 

Idiopathic  spontaneous  process  with  transient  edema  in 
bone  manow  that  is  not  secondary  to  trauma  and  may  or 
may  not  be  associated  with  osteoporosis.  aBME  frequently 
Involves  the  proximal  femur  In  men  between  30  and  50  years 
and  women  in  the  last  trimester  of  pregnancy. 

Osteomyelitis 
( Fig.  10.170) 

in  acute  osteomyelitis,  poorly  defined  2ones  of  low  or  low- 
intermediate  signal  on  T1WI  and  high  signal  on  T2WI,  STIR, 
and  FS  T2WI  are  seen  in  the  manow.  Loss  of  definition  of  the 
low  signal  line  of  the  cortical  margins  Is  often  observed  on 
T1WI,  T2WI,  STIR,  and  FS  T2W1.  After  Gd-contiast  adminis- 
tration, irregular  zones  of  contrast  enhancement  are  seen  In 
the  Involved  marrow  on  FS  TTWI.  in  the  subacute  phase  of 
osteomyelitis,  the  pyogenic  process  becomes  more  local- 
ized. The  zone  of  tr  ansition  between  normal  and  abnormal 
bone  Is  sharper  and  more  well  defined  in  subacute  and 
chronic  osteomyelitis  than  with  acute  osteomyelitis. 

Infection  of  bone,  which  can  result  from  hematogenous 
spread  of  miao-oiganisms  as  well  as  from  trauma-direct 
inoculation,  extension  from  adjacent  tissues,  and  complica- 
tions from  surgery.  Bacteria  such  as  Xstphybaxius  oureus 
and  Streptococcus  pyogenes  are  the  most  common  Infectious 
organisms.  Can  also  result  from  other  bacteria  as  well  as 
tuberculosis,  fungi,  parasites,  and  viruses. 

Eosinophilic  granuloma 
(►  Fig.  10.171) 

Intramedullaiy  lesions  associated  with  trabecular  and  corti- 
cal bone  destiuction,  which  typically  have  low-intermediate 
signal  on  TTWI  and  PDWI  and  heterogeneous  slightly  high  to 
high  signal  on  12WI.  Poorly  defined  zones  of  high  signal  on 
T2WI  are  usually  seen  in  the  manow  peripheral  to  the 
lesions  secondary  to  inflammatory  changes.  Extension  of 
lesions  from  the  manow  into  adjacent  soft  tissues  through 
areas  of  cortical  disruption  are  commonly  seen  as  well  as 
linear  periosteal  zones  of  high  signal  on  T2WI.  Lesions 
typically  show  prominent  Gd-contiast  enhancement  in 
manow  and  In  extraosseous  soft  tissue  portions  of  the 
lesions. 

Benign  tumor-like  lesions  consisting  of  Langeihans  cells 
(histiocytes),  and  variable  amounts  of  lymphocytes,  poly- 
morphonuclear cells,  and  eosinophils.  Acnrunt  for  1%  of 
primary  bone  lesions  and  8%  of  tumor-like  lesions.  Occur  in 
patients  with  median  age-  TO  years,  average  - 13. 5 years, 
peak  Inddenee  Is  between  5 and  1 0 years;  80  to  85%  occur  In 
patients  less  than  30  years. 

Malignant  lesions 

Metastatic  lesion 

Single  or  multiple  well-drcumscribed  or  poorly  defined 
infiltrative  lesions  involving  manow  associated  with  cortical 
destruction  and  extraosseous  extension.  Lesions  often 
have  low-intermediate  signal  onTIWI  and  low,  intermediate, 
and/or  high  signal  on  T2WI  and  FS  T1WI;  usually  show 
Gd-contrast  enhancement  Pathological  fractures  can  be 
associated  with  metastatic  lesions  involving  tubular  bones 
and  vertebrae.  Periosteal  reaction  is  uncommon. 

Metastatic  lesions  typically  occur  in  die  marrow  with  or 
without  cortical  destruction  and  extraosseous  tumor  exten- 
sion. 

Plasmacytoma 
(►  Fig.  10.172) 

Well-circumsalbed  or  poorly  defined  Infiltrative  lesions 
involving  manow,  iowintennediate  signal  on  T1WI,  inter- 
mediate-high signal  on  T2WI  and  FS  T2WI;  usually  show  Gd- 
contirast -enhancement,  eventual  cortical  bone  destruction, 
and  extraosseous  extension. 

Malignant  tumors  composed  of  proliferating  antibody- 
seaeting  plasma  cells  derived  from  single  dones.  Most 
common  primary  neoplasm  of  bone  in  adults,  median -60 
years.  Most  patients  are  older  than  40  years.  May  have 
variable  destr  uctive  or  Infiltrative  changes  involving  the  arial 
and/or  appendicular  skeleton. 

(continued  on  poge  452) 
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Fig.  10.169  A 51 -year-old  man  with  hip  pain  and  magnetic  resonance  imaging  showing  acute  bone  marrow  edema  with  a poorly  defined  zone  with 
low-intermediate  signal  In  die  marrow  of  die  proximal  femur  on  coronal  Tl-weighted  Imaging  (T1WI)  (a)  with  corresponding  high  signal  on  coronal 
fat-suppressed  12-welghted  imaging  (b).  The  abnormal  manow  signal  resolved  2 montiis  later  as  seen  on  coronal  T1WI  (c). 


Lesions  Involving  Bones 


FTg.  10.170  An  1 1-year-old  boy  with  septic  arthritis  and  pyogenic  osteomyelitis  from  Stophybmcrus  aureus  involving  the  marrow  of  the  femoral 
epiphysis.  A poorly  defined  zone  of  intermediate  signal  is  seen  in  the  epiphyseal  marrow  on  coronal  Tl-weighted  imaging  (T1WI)  (a)  with 
corresponding  high  signal  on  coronal  fat-suppressed  (PS)  T2-welghted  Imaging  (b).  Abnormal  gadollnlurn-contiast  enhancement  is  seen  In  tiie 
marrow  on  coronal  F5  T1W1  (c)  as  well  as  along  the  margins  of  tiie  septic  joint  collection. 


Fig.  1 0.171  A 5-yaar-old  boy  with  an  eosinophilic 
granuloma  Involving  the  distal  humerus.  The 
lesion  In  the  marrow  is  associated  wldi  cortical 
destruction  and  extraosaeous  extension  into  the 
adjacent  soft  tissues  (arrows)  as  seen  on  sagittal 
gadolinium-contrast  enhanced  Tl-welghted 
imaging  (a)  and  axial  proton  density-weighted 
Imaging  (b). 


a 


Fig.  10.172  A 77-year-old  woman  with  a plasmacytoma  Involving  the  marrow  of  the  proximal  tibia,  which  has  low-lntennediate  signal  on  coronal  Tl- 
weighted  imaging  (T1  Wl)  (a)  and  high  signal  on  coronal  fat-suppressed  (FS)  T2- weighted  Imaging  (b).  The  tumor  shows  Gd-contiast  enhancement  on 
sagittal  FS  T1WI  (c)  and  extends  through  destroyed  bone  cortex  into  the  adjacent  soft  tissues. 
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Table  10.7  (Cont)  Solitary  intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Lymphoma 
(»  Fig.  10.173) 

Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin  disease  (HD) 
within  bone  typically  appears  as  single  or  multifocal  poorly 
defined  or  circumscribed  intramedullaiy  zones  with  low- 
intermediate  signal  on  T1WI;  intennediate,  slightly  high, 
and/or  high  signal  on  T2WI;  and  high  signal  on  FS  T2WI; 
often  show  Gd-contrast  enhancement.  Zones  of  cortical 
destruction  may  oacur  associated  with  extraosseous  soft 
tissue  extension. 

Lymphoid  tumors  with  neoplastic  cells  typically  within 
lymphoid  tissue  (lymph  nodes  and  reticuloendothelial 
organs).  Unlike  leukemia,  lymphoma  usually  arises  as 
discrete  masses.  Lymphomas  are  subdivided  into  HD  and 
NHL.  Almost  all  primary  lymphomas  of  bone  are  B-cell  NHL. 
HD,  mean  age-32  years.  Osseous  NHL,  median-35  years. 

Leukemia 

Single  or  multiple  well-circumscribed  or  poorly  defined 
infiltrative  lesions  involving  marrow;  low-intermediate  signal 
on  T1WI,  intermediate-high  signal  on  T2WI  and  FS  T2WI; 
often  shows  Gd-aontrast  enhancement,  ± cortical  bone 
destruction  and  extraosseous  extension. 

Malignant  lymphoid  neoplasms  with  involvement  of  bone 
marrow  as  well  as  tumor  cells  also  in  peripheral  blood. 

Chondrosarcoma 
(»  Fig.  10.174) 

Intramedullary  tumors  often  have  low-intermediate  signal 
on  T1WI,  intermediate  signal  on  PDWI,  and  heterogeneous 
intermediate-high  signal  on  T2WI.  Lesions  usually  show 
heterogeneous  contrast  enhancement 

Malignant  tumors  containing  cartilage  formed  within  sar- 
comatous stroma.  Account  fori  2 to  21%  of  malignant  bone 
lesions,  21  to  26%  of  primary  sarcomas  of  bone.Mean 
age -40  years,  median -26  to  59  years.  Clear  cell  chon- 
drosarcomas are  commonly  located  near  the  ends  of  long 
bones. 

(continued  on  poge  454) 
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Fig.  10.173  A 32-year-old  woman  with  large 
B<ell  non-Hodgkin  lymphoma  involving  the 
marrow  of  the  proximal  tibia  seen  as  diffuse 
high  signal  on  sagittal  (a)  and  coronal  fot- 
suppressed  T2-weighted  imaging  (b). 


Fig. 10.174  A 44-year-old  woman  with  a 
chondrosarcoma  In  die  marrow  of  the  distal 
tibia  associated  with  cortical  destruction  and 
extraosseous  extension  of  tumor.  The  tumor 
has  high  signal  on  coronal  fat-suppressed 
(FS)  12-welghted  Imaging  (a)  and  shows 
peripheral  lobular  Cd-conhast  enhancement 
on  FS  T1- weighted  Imaging  (b).  Tumor 
extends  through  die  bone  corlex  Into  die 
extreosceous  soft  tissues. 
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Table  10.7  (Cont)  Solitary  intramedullary  lesions  localed  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Osteosarcoma 
(►  Fig.  10.175) 

Destructive  intramedullary  malignant  lesions,  low-interme- 
diate signal  onTI  Wl;  mixed  low,  intermediate,  high  signal  on 
T2WI,  usually  with  matrix  mineralization/  ossification-low 
signal  on  T2WI;  usually  show  Gd-contrast  enhancement 
(usually  heterogeneous).  Zones  of  cortical  destruction  are 
typically  seen  through  which  tumors  extend  into  the 
extra  osseous  soft  tissues  under  an  elevated  periosteum, 
l amellated  and/or  spiculated  zones  of  bone  foimation  can 
occur  under  the  periosteal  elevation  secondary  to  tumor 
invasion  and  perforation  of  bone  cortex. 

Malignant  tumor  composed  of  proliferating  neoplastic 
spindle  cells,  which  produce  osteoid  and/or  immature 
tumoral  bone  and  which  most  frequently  arise  within 
medullary  bone.  Two  age  peaks  of  incidence.  The  larger  peak 
occurs  between  the  ages  of  1 0 and  20  and  accounts  for  over 
half  of  the  cases.  The  second  smaller  peak  occurs  in  adults 
over  60  years  and  accounts  for  approximately  10%  of  the 
cases. 

Ewing  saraoma 
(►  Fig.  10.176) 

Destructive  malignant  lesions  involving  marrow,  low- 
intermediate  signal  on  T1WI;  mixed  low,  intermediate,  and/ 
or  high  signal  on  T2WI  and  FS  T2WI;  usually  shows  Gd- 
contrast  enhancement  (usually  heterogeneous).  Extraoss- 
eous  tumor  extension  through  sites  of  aortical  destruction  is 
commonly  seen  beneath  an  elevated  periosteum.  Thin 
stiiated  zones  of  low  signal  onT2WI  can  sometimes  be  seen 
oriented  perpendicular  to  the  long  axis  of  the  involved  bone 
under  the  elevated  periosteum  representing  the  hair  on  end 
appearance  of  reactive  bone  formation  secondary  to  the 
tumor.  In  long  bones,  tumors  are  most  often  located  in  the 
diaphyseal  region,  followed  by  the  metadiaphyseal  region. 

Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  sells  with  round  nuclei.  Accounts  for  6 
to  1 1%  of  primaiy  malignant  bone  tumors,  5 to  7%  of 
primary  bone  tumors.  Usually  occurs  between  the  ages  of  5 
and  30,  males > females,  locally  invasive,  high  metastatic 
potential. 

(continued  on  page  456) 
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FTg.  10.175  A 16-y©sr-old  girl  witii  ost eosarooma  in  the  distal  femur  associated  with  malignant  osteoid  mineralization  (a).  The  tumor  has  low- 
intermediate  signal  on  aoronal  T1 -weighted  Imaging  (b)  and  has  heterogeneous  slightly  high  signal  on  coronal  fat-suppressed  T2-welghted  imaging 
(c).  The  tumor  Is  associated  wtth  sort  leal  bone  destruction  and  extraosseous  extension. 
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Table  10.7  (Cont)  Solitary  intramedullary  lesions  located  near  the  ends  of  tubular  bones 


Abnormalities 

MRI  findings 

Comments 

Malignant  giant  cell 
tumor  of  bone 
(►  Fig.  10.177) 

Well-defined  lesions  with  or  without  thin  low  signal  margins 
on  T1WI  and  T2WI.  Solid  portions  of  giant  cell  tumors  often 
have  low  to  intermediate  signal  on  T1  Wl  and  PDWI, 
intermediate  to  high  signal  on  T2WI,  and  high  signal  on  FS 
PDWI  and  F5  T2WI.  Signal  heterogeneity  on  T2WI  is  not 
uncommon.  Aneurysmal  bone  cysts  are  seen  with  14%  of 
giant  cell  tumors.  Lesions  show  mild  to  prominent  variable 
and  often  heterogeneous  Gd-contrast  enhancement  Corti- 
cal destruction  and  extraosseous  tumor  extension  are 
frequently  seen. 

Aggressive  bone  tumors  composed  of  neoplastic  ovoid 
mononuclear  cells  and  scattered  multinudeated  osteoclast- 
like giant  cells.  Up  to  10%  of  all  giant  cell  tumors  are 
malignant.  Benign  giant  cell  tumors  account  for  approxi- 
mately 5 to  9.5%  of  all  bone  tumors  and  up  to  23%  of  benign 
bone  tumors.  75%  of  malignant  giant  cell  tumors  occur  in 
patients  between  the  ages  of  1 5 and  45  years. 

Fibrosarcoma 

Intiamedullary  lesions  with  irregular  margins,  with  or 
without  associated  cortical  destruction  and/or  extraosseous 
softtissue  masses.  Lesions  usually  have  low-intermediate 
signal  on  T1  Wl  and  PDWI  and  heterogeneous  inteimediate. 
slightly  high,  and/or  high  signal  on  T2WI.  Lesions  usually 
show  heterogeneous  Gd-contrast  enhancement. 

Uncommon  malignant  tumors  consisting  of  bundles  of 
neoplastic  fibroblashs/spindle  cells  with  varying  proportions 
of  collagen,  lacking  other  tissue-difFerentiating  features  such 
as  tumor  bone,  osteoid,  or  cartilage.  Can  be  primary  lesions 
(75%)  or  arise  as  secondary  tumors  (25%)  associated  with 
prior  irradiation,  Paget  disease,  bone  infarct,  chronic  osteo- 
myelitis, fibrous  dysplasia,  giant  cell  tumor.  Accounts  for  3 to 
5%  of  primary  malignant  bone  tumors  and  2 to  4%  of  all 
bone  tumors.  Median  age =43  years. 

Malignant  fibrous  his- 
tiocytoma 

Intramedullary  lesions  with  irregular  margins  with  zones  of 
cortical  destruction  and  extraosseous  extension.  Tumors 
often  have  low-intermediate  signal  on  T1WI,  low-interme- 
diate signal  on  PDWI,  and  heterogeneous  intermediate-high 
signal  on  T2WI  and  FS  T2WI.  Invasion  into  Joints  occurs  in 
30%.  May  be  associated  with  other  bone  infarcts,  bone  cysts, 
chronic  osteomyelitis,  Paget  disease,  and  other  treated 
piimaiy  bone  tumors.  Lesions  usually  show  heterogeneous 
Gd-contrast  prominent  enhancement. 

Malignant  tumor  involving  soft  tissue  and  rarely  bone 
derived  from  undifferentiated  mesenchymal  cells.  Contains 
cells  with  limited  cellular  differentiation  such  as  mixtures  of 
fibroblasts,  myofibroblasts,  histiocyte-like  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for  1 to  5%  of 
primary  malignant  bone  tumors  and  < 1 % to  3%  of  all  primary 
bone  tumors.  Patient  ages  range  from  1 1 to  80  years, 
median  = 48  years,  mean  = 55  years. 

Hemangioendothe- 

lioma 

(►  Fig.  10.178) 

Intiamedullary  tumors,  which  often  have  low-intermediate 
and/or  high  signal  on  T1WI  and  heterogeneous  intermedi- 
ate-high signal  on  T2WI  and  FS  T2WI  with  or  without  zones 
of  low  signal.  Cortical  expansion  with  or  without  extraoss- 
eous extension  of  tumor  through  zones  of  cortical  destruc- 
tion can  occur.  Lesions  often  show  prominent 
heterogeneous  Gd-contrast  enhancement. 

Low-grade  vasoformative/endothelial  malignant  neoplasms, 
which  are  locally  aggressive  and  rarely  metastasize,  com- 
pared with  the  high-grade  endothelial  tumors  such  as 
angiosarcoma.  Account  for  less  than  1 % of  primaiy  malig- 
nant bone  tumors.  Patients  range  from  1 0 to  82  years, 
median  = 36  to  47  years.  Patients  with  multifocal  lesions 
tend  to  be  approximately  10  years  younger  on  average  than 
those  with  unifocal  tumors. 
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Fig. 10. 178  A 19-yeer-old  man  with  hemangioendothelioma  involving 
die  distal  tibia  with  eortkal  disruption  and  tumor  extension  Into  the 
anlde  Joint  as  seen  on  sagittal  T2-weighted  Imaging  (arrows). 
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10.8  Solitary  Intramedullary 
Metadiaphyseal  Lesions 

• Nonmalignant  lesions 
o Nonossifying  fibroma 
o Enchondroma 
o Unicameral  bone  cyst(UBC) 
o Aneurysmal  bone  cyst  (ABC) 
o Giant  cell  tumor  (prior  to  physeal  plale  closure) 
o Giant  cell  reparative  granuloma 
o Chondromyxoid  fibroma 
o Hemangioma 
o Intraosseous  lipoma 
o Fibrous  dysplasia 


o Liposclerosing  myxofibrous  tumor 
o Stress  fracture 
o Bone  infarct 
o Eosinophilic  granuloma 
o Osteomyelitis 
• Malignant  lesions 
o Metastatic  lesion 
o Plasmacytoma/myeloma 
o Lymphoma 
° Osteosarcoma 
o Ewing  sarcoma 
o Chondrosarcoma 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 


Table  10.8  Solitary  Intramedullary  metadiaphyseal  lesions 

Abnormalities 

MRI  findings 

Comments 

Nonmalignant  lesions 

Nonossifying  fibroma 
(►  Fig.  10.179) 

Well-circumsciibed  ecaentric  intramedullary  lesions  in  the 
dimetaphyseal  regions  of  long  bones,  which  have  mixed 
low-intermediate  signal  on  T1  -weighted  imaging  (TIWi)  and 
mixed  low,  intermediate,  and/or  high  signal  on  T2-weighted 
imaging  (T2WI),  proton  density-weighted  imaging  (PDWI), 
and  fat-suppressed  (FS)  72WI.  Zones  of  low  signal  on  TIWI, 
PDWI,  and  T2WI  can  be  seen  in  the  central  portions  of  the 
lesions.  Zones  with  varying  thickness  of  low  signal  on  TIWI, 
PDWI,  and  T2WI  are  seen  at  the  margins  of  the  lesions 
representing  bone  sclerosis.  Internai  septations  are  com- 
monly seen  as  aones  of  low  signal  on  T2WI  in  these  lesions, 
lesions  can  show  gadolinium  (Gd)-contrast  enhancement 
(heterogeneous  > homogeneous  patterns). 

Common  benign  fibrohistiocytic  lesions  in  the  metaphyseal 
portions  of  long  bones,  which  are  composed  of  whorls  of 
fibroblastic  cells  combined  with  smaller  amounts  of  multi- 
nucleated  giant  cells  and  xanthomatous  cells.  Usually 
asymptomatic,  95%  occur  between  the  ages  of  5 and  20, 
median  = 14  years. 

Enchondroma 
(►  Fig.  10.180) 

Lobulated  intramedullary  lesions  with  well-defined  borders, 
mean  size=5cm.  Lesions  usually  have  low-intermediate 
signal  on  TIWI  and  intermediate  signal  on  PDWI.  On  T2WI 
and  FS  T2WI,  lesions  usually  have  predominantly  high  signal 
with  foci  and/or  bands  of  low  signal  representing  areas  of 
matrix  mineralization  and  fibrous  strands.  Lesions  typically 
show  Gd-contrast  enhancement  in  various  patterns 
(peripheral  curvilinear  lobular,  central  nodular/septal,  and 
peripheral  lobular). 

Benign  intramedullary  lesions  composed  of  hyaline  cartilage, 
represent  approximately  10%  of  benign  bone  tumors. 
Enchondromas  can  be  solitary  (88%)  or  multiple  (12%). 
Median  age  = 35  years,  peak  in  third  and  fourth  decades. 

(continued  on  page  460) 
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Rg.  10.179  A IS-year-old  girl  with  a nonossifying  fibroma  In  the  dorsal  proximal  tibia  (arrow),  which  has  a thin  peripheral  rim  of  low  signal 
surrounding  a central  aone  with  low-intermediate  signal  on  sagittal  Tl-weighted  imaging  (T1WI)  (a)  and  mixed  low  and  high  signal  on  fat-suppressed 
(FS)  12- weighted  imaging  (b).  The  lesion  shows  thin  maiginal  and  central  gadolinium-contrast  enhancement  on  sagittal  FS  T1WI  (c). 


Rg.10.1B0  A 46-year-old 
man  with  an  enchondroma 
in  the  metadiaphysaal  por- 
tion of  the  proximal 
humerus,  which  has  chon- 
droid  mineralization 
(arrow)  on  anteroposterior 
radiograph  (a).  The  lesion 
has  predominantly  inter- 
mediate signal  on  coronal 
proton  density-weighted 
imaging  (b)  and  high  signal 
on  fat-suppressed  (FS)  T2- 
weighted  Imaging  (c)  as 
well  as  zones  of  low  signal 
aorresponding  to  mineral- 
ized chondrold  matitx.  The 
lesion  shows  peripheral 
lobular  aontrast  enhance- 
ment on  aoronal  PS  Tl- 
weighted  imaging  (d). 
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Table  10.8  (Cont.)  Solitary  intramedullary  metadiaphyseal  lesions 

Abnormalities 

MRI  findings 

Comments 

Unicameral  bone  cyst 
(UBQ 

( Fig.  10.181) 

UBCs  often  have  a peripheral  rim  of  low  signal  onTI  Wl  and 
12WI  adjacent  to  normal  medullaiy  bone.  UBCs  usually 
contain  fluid  with  low  to  low-intermediate  signal  on  T1WI 
and  low-intermediate  and  high  signal  on  T2WI.  Fluid-fluid 
levels  may  occur.  For  UBCs  without  pathological  fracture, 
thin  peripheral  Gd-contrast  enhancement  can  be  seen  at  the 
margins  of  lesions.  UBCs  with  pathological  fracture  can  have 
heterogeneous  or  homogeneous  lowintermedlate  or 
slightly  high  signal  on  T1WI,  and  heterogeneous  or 
homogeneous  high  signal  on12W1  and  FS  T2WI.  UBCs 
complicated  by  fiacbire  can  have  Internal  septations  and 
fluid-fluid  levels,  as  well  as  irregular  peripheral  Gd-contrast 
enhancement  and  at  Internal  septations. 

Intramedullaiy  nonneoplastic  cavities  filled  with  serous  or 
serosanguinous  fluid.  Account  for  9%  of  primary  tumor-like 
lesions  of  bone;  85%  occur  in  the  first  2 decades, 
median -11  years. 

Aneurysmal  bone  cyst 
(ABC) 

(►  Fig.  10.182) 

ABCs  often  have  a low  signal  rim  on  T1  Wl  and  12WI  adjacent 
to  nonrtal  medullaiy  bone  and  between  extraosseous  soft 
tissues.  Various  combinations  of  low,  Intermediate,  and/or 
high  signal  on  T1WI.  PDWI.  and  12WI  are  usually  seen  within 
ABCs  as  well  as  fluid-fluid  levels.  Variable  Gd-contrast 
enhancement  Is  seen  at  die  margins  of  lesions  as  well  as 
Involving  the  Internal  septae. 

Tumor-liUe  expansile  bone  lesions  containing  cavernous 
spaces  filled  with  blood.  ABCs  can  be  primary  bone  lesions 
(two  thirds)  or  secondaiy  to  other  bone  lesions/tumors  (such 
as  giant  cell  tumors,  chondroblastomas,  osteoblastomas, 
osteosarcomas,  chondromyxoid  fibromas,  nonossifying 
fibromas,  fibrous  dysplasia,  fibrosarcomas,  malignant  fibrous 
histiocytomas,  and  metastatic  disease).  Account  for 
approximately  1 1 % of  primary  tumor-like  lesions  of  bone. 
Patients  usually  range  In  age  from  1 to  25  years,  median  - 14 
years. 

Giant  cell  tumor  of 
bone  (prior  to  physaal 
plate  closure) 

( Fig.  10.183) 

Often  well-defined  lesions  with  thin  low  signal  margins  on 
T1WI.  PDWI,  and  12WI.  Solid  portions  of  giant  cell  tumors 
often  have  low  to  Intermediate  signal  on  T1WI  and  PDWI, 
intermediate  to  high  signal  on  12WI.  and  high  signal  on  FS 
PDWI  and  FS  T2WI.  Zones  of  low  signal  on  T2WI  may  be 
seen  secondary  to  hemosiderin.  ABCs  can  be  seen  in  14%  of 
giant  cell  tumors.  Areas  of  cortical  thinning,  expansion,  and/ 
or  destruction  can  occur  with  extraosseous  extension. 
Tumors  show  varying  degrees  of  Gd-contrast  enhancement, 

Aggressive  bone  tumors  composed  of  neoplastic  mono- 
nuclear cells  and  scattered  multinudeated  osteoclast-llke 
giant  cells.  Account  for  23%  of  primary  nonmallgnant  bone 
tumors,  and  5 to  9%  of  all  primary  bone  tumors;  median 
age-  30  years. 

(continued  on  page  462) 


Fig.  10.181  A 16-year -old  male  with  a unicameral  bone  cyst  in  the  distal  femur,  which  has  lowinbermediate  signal  on  coronal  Tl-weighted  imaging 
(T1WI)  (a)  and  high  signal  on  axial  fat-suppressed  (FS)  T2- weighted  Imaging  (b).  The  lesion  shows  thin  peripheral  rim  Gd  contrast  enhancement  on 
coronal  FS  T1WI  (c). 
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Rg.  10.182  An  11 -year-old  male  wldi  an  expansile 
aneurysmal  bone  cyst  In  die  proximal  femur,  which 
has  multiple  septatfons  and  compartments  with  high 
signal  on  coronal  fat-suppressed  (FS)  12-welghted 
imaging  (a).  Gadolinium-contr  ast  enhancement  is 
seen  at  die  margins  and  between  the  fluid  aones  on 
coronal  FST1- weighted  Imaging  (b). 


Fig.  10.183  A 14-year-old  boy  with  a giant  cell  tumor  within  the 
metadlaphyseal  portion  of  tire  proximal  humerus,  which  shows 
prominent  Gd-eontrast  enhancement  on  coronal  fat-suppressed  T1- 
weighted  imaging,  as  well  as  cortical  destruction  and  exbaosseous 
extension. 
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Table  10.8  (Cont)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Giant  cell  reparative 
granuloma 
( Fig.  10.184) 

Lesions  can  have  heterogeneous  low,  intermediate,  and/or 
high  signal  on  T1  Wl.  PDWI,  and  T2WI  as  well  as  peripheral 
rimlike  and  central  Gd-contrast  enhancement  on  FS  T1WI. 
May  be  surrounded  by  a poorly  defined  2one  of  high  signal 
on  FS  T2WI  and  Gd-contrast  enhancement  in  the  adjacent 
marrow. 

Giant  cell  reparative  granulomas  are  also  referred  to  as  solid 
ABCs.  Histological  appearance  resembles  brown  tumors. 

Chondromyxoid 
fibroma 
( Fig.  10.185) 

lesions  are  often  slightly  lobulated  with  low-intermediate 
signal  on  T1  Wl,  intermediate  signal  on  PDWI,  and  hetero- 
geneous predominantly  high  signal  on  T2WI.  Thin  low  signal 
septa  within  lesions  on  T2WI  are  secondary  to  fibrous 
strands.  Lesions  are  surrounded  by  low  signal  borders 
representing  thin  sclerotic  reaction.  Edema  is  not  typically 
seen  in  adjacent  medullary  bone.  Lesions  show  prominent 
diffuse  Gd-contrast  enhancement. 

Rare,  benign,  slow-growing  bone  lesions  that  contain 
chondroid,  myxoid,  and  fibrous  aomponents.  Chondromyx- 
oid fibromas  represent  2 to  4%  of  primary  benign  bone 
lesions  and<  1%  of  primary  bone  lesions.  Most  chondro- 
myxoid fibromas  occur  between  the  ages  of  1 to  40  years, 
with  a median  of  17  years  and  peak  incidence  in  the  second 
to  third  decades. 

Hemangioma 

Often  well-circumscribed  lesions  that  typically  have  inter- 
mediate to  high  signal  on  T1WI,  PDWI,  T2WI,  and  FS  T2WI. 
On  T1WI,  hemangiomas  usually  have  signal  equal  to  or 
greater  than  adjacent  normal  marrow  secondary  to  fatty 
components.  Usually  show  Gd-contrast  enhancement. 
Pathological  fractures  associated  with  intraosseous  heman- 
giomas usually  result  in  low-intermediate  marrow  signal  on 
T1WI. 

Common  benign  lesions  of  bone  composed  of  capillary, 
cavernous,  and/or  malformed  venous  vessels.  Hemangiomas 
have  been  considered  to  be  a hamartomatous  disorder. 
Account  for  4%  of  benign  bone  tumors  and  approximately 

1 % of  all  bone  tumors,  likely  underestimated.  Occur  in  all 
ages,  median  = 33  years. 

Intraosseous  lipoma 
( Fig.  10.186) 

Lesions  can  have  heterogeneous  low,  intermediate,  and/or 
high  signal  on  T1  Wl,  PDWI,  and  T2WI  as  well  as  peripheral 
rimlike  and  central  Gd-contrast  enhancement  on  FS  T1WI. 

Uncommon  benign  hamartomas  composed  of  mature  white 
adipose  tissue  without  cellular  atypia.  Osseous  or  chondroid 
metaplasia  with  myxoid  changes  can  be  associated  with 
lipomas.  Account  for  approximately  0.1  % of  bone  tumors, 
likely  underreported. 

(continued  on  page  464) 
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Fig.  10.184  A 14-year-old  boy  with  a giant  sell  granuloma  (also  called  solid  aneurysmal  bone  cyst)  in  die  metadiaphyseal  portion  of  the  proximal  tibia, 
which  is  seen  as  a radloluaent  lesion  with  thin  sclerotic  margins  (arrow)  on  radiograph  (a).  Gadolinium-contrast  enhancement  Is  seen  wtthln  the  lesion 
as  well  as  in  the  adjacent  marrow  on  coronal  fat-suppressed  Tl-weighted  imaging  (b). 


Fig.  10.185  A 48-year-old  woman  with  a chon- 
dromyxoid  fibroma  involving  the  metadiaphyseal 
portion  of  the  proximal  tibia  associated  with 
cortical  thinning  and  expansion.  The  radloluaent 
lesion  (arrow)  (a)  has  high  signal  on  coronal  fat- 
suppressed  T2«welghted  Imaging  (b). 


b 


Fig.  10.186  Intraosseous  lipoma  in  the  meta- 
dlaphysaal  portion  of  the  proximal  humerus, 
which  has  high  fat  signal  peripherally  surround* 
ing  a central  cystiibe  zone  with  intermediate 
signal  on  aoronal  proton  denslty^relghted 
imaging  (a)  (arrow).  The  fat  signal  of  the  lesion 
is  nulled  on  aoronai  lat-suppressd  12-weighted 
Imaging  (b),  wheras  the  central  cystic  region 
has  high  signal. 
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Table  10.8  (Cont.)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

Fibrous  dysplasia 
(►  Fig.  10.187) 


MRI  findings 

Magnetic  resonance  imaging  (MRI)  features  depend  on  the 
proportions  of  bony  spicules,  collagen,  fibroblastic  spindle 
cells,  hemonhagic  and/or  cystic  changes,  and  associated 
pathological  fracture  if  present  I esions  are  usually  well 
circumscribed  and  have  low  or  low-intermediate  signal  on 
TIWi  and  PDWI.  OnT2WI,  lesions  have  variable  mixtures  of 
low,  intermediate,  and/or  high  signal  often  surrounded  by  a 
low  signal  rim  of  vaiiable  thickness.  Internal  septations  and 
cystic  changes  are  seen  in  a minority  of  lesions.  Bone 
expansion  with  thickened  and/or  thinned  cortex  can  be 
seen.  Lesions  show  Gd-contrast  enhancement  that  varies  in 
degree  and  pattern. 


Comments 

Benign  medullary  fibro-osseous  lesion,  which  can  involve  a 
single  site  (mono-oshotic)  or  multiple  locations  (polyostotic). 
Thought  to  occur  from  developmental  failuie  in  the  normal 
process  of  remodeling  piimitive  bone  to  mature  lamellar 
bone  with  resultant  aone  or  zones  of  immature  trabeculae 
within  dysplastic  fibrous  tissue.  Accounts  for  approximately 
10%  of  benign  bone  lesions.  Patient*  range  in  age  from<1 
year  to  76  years;  75%  occur  before  the  age  of  30  years. 


(continued  on  page  466) 
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Fig, 10.187  A 14-year-old  boywlth 
fibrous  dysplasia  involving  the 
metadlaphysaal  portion  of  the 
proximal  femur  (a)  (arrow),  which 
has  a ground-glass  radiographic 
appearance.  The  circumscribed 
lesion  has  a margin  of  low  signal 
surrounding  a central  zone  with 
intermediate  signal  on  coronal 
Tl-weighted  Imaging  (T1WI)  (b). 
The  lesion  has  high  signal  on  coro- 
nal fat-suppressed  (FS)  12-weighted 
Imaging  (c)  and  shows  Gd-contrast 
enhancement  on  coronal  FS 
T1WI  (d). 
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Table  10.8  (Cont)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Liposderosing  myxofi- 
brous  tumor 
( Fig.  10.188) 

Lesions  have  well-defined  margins  with  variable  thickness  of 
low  signal  borders  on  T1WI  and  T2WI.  Lesions  often  have 
low  to  intermediate  signal  on  T1  Wl  and  intermediate  to  high 
signal  on  T2WI  and  FST2WI.  Small  zones  with  fat  signal  may 
be  seen  at  the  periphery  of  the  lesions.  Lesions  usually  lack 
Gd-contrast  enhancement. 

Uncommon  benign  fibro-osseous  lesions  with  mixed  histo- 
logical features  of  lipoma,  fibroxanthoma,  myxoma,  fibrous 
dysplasia,  bone  cyst,  myxofibroma,  fat  necrosis,  and/or 
ischemic  ossification.  Most  of  these  lesions  occur  in  the 
intertrochanteric  region  of  the  femur.  May  represent  a 
variant  form  of  fibrous  dysplasia.  Patients  range  from  15  to 
69  years,  mean -42  years. 

Stress  fracture 
( Fig.  10.189) 

Fractures  typically  have  abnormal  marrow  signal  (usually  low 
signal  on  T1  Wl,  high  signal  on  T2WI  and  FS  T2WI).  Gd- 
contrast  enhancement  is  typically  seen  in  the  postfracture 
period.  Angulated  cortical  margins  and  periosteal  high  signal 
on  FS  T2WI  can  be  seen.  A curvilinear  zone  of  low  signal  on 
72  Wl  and  FS  72  Wl  may  be  seen  within  the  marrow  edema, 
which  is  often  perpendicular  or  oblique  to  the  long  axis  of 
the  involved  bone. 

Stress  fractures  can  result  from  persistent  chronic  mechan- 
ical overload  as  well  as  from  osteoporosis  or  osteomalacia, 
primary  bone  tumors/lesions,  metastatic  disease,  and  bone 
infarcts. 

Bone  infarct 
( Fig.  10.190) 

A double-line  sign  (curvilinear  adjacent  zones  of  low  and 
high  signal  on72WI)  is  commonly  seen  at  the  edges  of  the 
infarcts  representing  the  borders  of  osseous  resorption  and 
healing.  liTegular  Gd-contrast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth. 

Zones  of  ischemic  death  involving  bone  trabeculae  and 
marrow,  which  may  be  idiopathic  or  result  from  trauma, 
corticosteroid  treatment,  chemotheiapy.  radiation  treat- 
ment, occlusive  vascular  disease,  collagen  vascular  and  other 
autoimmune  diseases,  metabolic  storage  diseases  (e.g., 
Gaucher  disease),  sickle  cell  disease,  thalassemia,  hyperbaric 
everrts/Caisson  disease,  pregnancy,  alcohol  abuse,  pancrea- 
titis, infections,  and  lymphoproliferative  diseases. 

(continued  on  page  468) 
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Fig.  10.189  Stress  fracture  in  the  proximal  femur  seen  as  a poorly 
defined  aone  with  high  signal  in  the  marrow  surrounding  a linear  zone 
of  low  signal  on  coronal  fat-suppressed  T2-welghted  Imaging. 


Fig.  10.190  A 38-yaar-old  man  with  sickle  cell  trait  and  a bone  Infarct  in  the  distal  metadlaphyseal  portion  of  the  distal  femur  as  seen  on  sagittal  T1- 
welghted  Imaging  (a)  and  sagittal  (b)  and  axial  fat-suppressed  r2- weighted  imaging  (F2WI)  (c).  A double-line  sign  (curvilinear  adjacent  zones  of  low 
and  high  signal  on  T2WI)  is  seen  at  the  edges  of  tile  infarct  representing  tile  borders  of  ooreus  resorption  and  healing. 
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Table  10.8  (Cent)  Solitary  Intramedullary  metadlaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Eosinophilic  granuloma 
(►  Fig.  10.191) 

Focal  Intramedullary  leslon(s)  associated  with  trabecular  and 
cortical  bone  desbuction,  which  typically  have  low-inter- 
mediate signal  on  T1WI  and  PDWI  and  heterogeneous 
slightly  high  to  high  signal  on  T2WI.  Poorly  defined  zones  of 
high  signal  on  17 Wl  are  usually  seen  in  the  marrow 
peripheral  to  die  lesions  secondary  to  inflammatory 
changes.  Extension  of  lesions  from  the  marrow  Into  adjacent 
soft  tissues  through  areas  of  cortical  disruption  are 
commonly  seen  as  well  as  linear  periosteal  zones  of  high 
signal  on  T2WI.  lesions  typically  show  prominent  Gd- 
contrast  enhancement  In  marrow  and  In  exbaosseous  soft 
tissue  portions. 

Benign  tumor-llke  lesions  consisting  of  Langerhans  cells 
(histiocytes)  and  variable  amounts  of  lymphocytes,  poly- 
morphonuclear cells,  and  eosinophils.  Account  for  1%  of 
primary  bone  lesions  and  8%  of  tumor-llke  lesions.  Oocur  In 
patients  with  median  age- 10  years,  average- 13.5  years, 
peak  incidence  between  5 and  1 0 years;  80  to  85%  oacur  in 
patients  less  than  30  years. 

Ostfcomyeltls 
(►  Fig.  10.192) 

Poorly  defined  zones  with  high  signal  on  17WI  and  FS  17WI 
and  Gd-contiast  enhancement  are  seen  in  marrow  with 
associated  zones  of  cortical  destruction.  Periosteal  reaction 
can  be  seen  as  a peripheral  rim  of  high  signal  onT2WI  and  FS 
T2WI  and  Gd-contrast  enhancement  on  FS  T1WI  adjacent  to 
the  low  signal  of  cortical  bone.  A subperiosteal  atoaess  with 
high  signal  on17WI  and  FST2WI  can  often  be  seen  elevating 
a single  low  signal  thin  band  of  periosteum. 

Infection  of  bone,  which  can  result  from  hematogenous 
spread  of  microorganisms,  trauma-direct  inoculation, 
extension  from  adjacent  tissues,  and  complications  from 
suigery.  XDphyhaxxts  oureus  and  Streptococci*  p)vgenG 
are  the  most  common  bacterial  infections  involving  bone. 
Osteomyelitis  can  also  result  from  other  bacteria  as  well  as 
tuberculosis,  fungi,  parasites,  and  vfruses. 

Malignant  lesions 

Metastatic  lesion 
(*>  Fig.  10.193) 

Single  or  multiple  weH-drcumsaibed  or  poorly  defined 
infilb  ative  lesions  involving  the  marrow  associated  with 
cortical  desbuction  and  extraosseous  extension.  Lesions 
often  have  lowintermediate  signal  on  T1WI;  low.  interme- 
diate,, and/or  high  signal  on  T2WI  and  FS  T1WI  and  usually 
show  Gd-cont  ast  enhancement  Coitlcal  destruction  and 
tumor  extension  into  tire  extraosseous  soft  tissues  fre- 
quently occurs.  Pathological  fractures  can  be  associated  with 
metastatic  lesions  Involving  tubular  bones  and  vertebrae. 
Periosteal  reaction  Is  uncommon. 

Metastatic  lesions  typically  oacur  in  the  marrow  with  or 
without  cortical  destruction  and  extraosseous  tumor  exten- 
sion. 

(continued  on  poge  470) 


F1g.10.191  A 5-yaar-old  boy  with  an  eosinophilic  granuloma 
Involving  the  metadlaphyseal  portion  of  the  distal  humerus. 
The  intramedullary  lesion  has  high  signal  on  coronal  fat- 
suppressed  (FS)  T2-we*ghted  imaging  (a)  and  is  associated 
with  cortical  ctettoction,  periosteal  elevation,  and  extraoss- 
eous  extension  wiUi  abnormal  high  signal.  The  lesion  shows 
prominent  gadolinium-contrast  enhancement  on  coronal  FS 
Tl-welghted  Imaging  (b). 
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Fig.  10.192  A 6-year-old  male  with 
S tophytoaxxus  aureus  osteomyelitis 
Involving  the  metadlaphyseal  por- 
tion of  the  distal  femur,  which  has 
heterogeneous  slightly  high  signal 
on  coronal  (a)  and  sagittal  fot- 
suppressed  12-welghfced  Imaging 
(b).  Infection  extends  through  the 
bone  cortex  resulting  In  subperios- 
teal abseex  and  Infection  of 
adjaeent  extraosseous  soft  tissue 
(arrow). 


Fkj.10.193  A 56-year-old  woman 
with  a metastatic  lesion  In  the 
metadlaphyseel  portion  of  the 
proximal  femur  from  breast  carci- 
noma, which  has  low-intermediate 
signal  on  coronal  T1  -weighted 
Imaging  (T1W1)  (a)  and  shows  Gd- 
contiast  enhancement  on  eoronal 
fat-suppressed  T1  Wl  (b).  A thin  zone 
of  periosteal  reaction  is  also  seen 
medially. 
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Table  10.8  (Cont)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities  MRI  findings 


Comments 


Plasmacytoma/mye- 

loma 


Multiple  (myeloma)  or  single  (plasmacytoma)  are  well- 
circumscribed  or  poorly  defined  diffuse  infiltrative  lesions 
involving  marrow,  low-intermediate  signal  on  T1WI(  inter- 
mediate-high signal  on  T2WI  and  FS  T2WI;  usually  show  Gd- 
contrast-enhancement,  eventual  cortical  bone  destruction, 
and  extraosseous  extension. 


Malignant  tumors  composed  of  proliferating  antibody- 
secreting  plasma  cells  derived  from  single  clones.  Most 
common  primary  neoplasm  of  bone  in  adults;  median 
age=60  years.  Most  patients  are  older  than  40  years.  May 
have  variable  destructive  or  infiltrative  changes  involving  the 
axial  and/or  appendicular  skeleton. 


Lymphoma 
(►  Fig.  10.194) 


Osteosarcoma 
(►  Fig.  10.195) 


Non-Hodgkin  lymphoma  (NHL)  and  Hodgkin  disease  (HD) 
within  bone  typically  appears  as  single  or  multifocal  poorly 
defined  or  circumscribed  intramedullary  zones  with  low- 
intermediate  signal  on  T1  Wl;  intermediate,  slightly  high, 
and/or  high  signal  on  T2WI;  and  high  signal  on  F5  T2WI; 
often  show  Gd-contrast  enhancement.  Zones  of  cortical 
destruction  may  oecur  associated  with  exb  aosseous  soft 
tissue  extension.  HD  involving  bone  with  associated  sclerosis 
seen  on  plain  films  or  aomputed  tomography  (CT)  usually 
have  low  signal  on  T1WI  and  variable/mixed  signal  on  T2WI. 
In  some  cases  of  NHL,  intramedullary  tumor  may  be 
associated  with  bulky  extraosseous  lesions  without  extensive 
cortical  destruction.  High  resolution  MRI  in  these  cases 
shows  thin  penetrating  channels  of  tumor  extending 
through  bone  cortex  into  the  exb  aosseous  soft  tissues. 
Destructive  intramedullary  malignant  lesions,  low-interme- 
diate signal  on  T1  Wl;  mixed  low,  intermediate,  high  signal  on 
T2WI,  usually  with  matrix  mineralization/ossification-low 
signal  on  T2WI;  usually  show  Gd-contrast  enhancement 
(usually  heterogeneous).  Zones  of  cortical  destruction  are 
common  through  which  tumors  extend  into  the  exb  aoss- 
eous soft  tissues  under  an  elevated  periosteum.  Lamellated 
and/or  spiculated  zones  of  bone  formation  can  occur  under 
the  periosteal  elevation  secondary  to  tumor  invasion  and 
perforation  of  bone  cortex.  Low  signal  from  spicules  of 
periosteal,  reactive,  and  tumoral  bone  fonnation  may  have  a 
divergent  (sunburst)  pattern,  perpendicular  (hair  on  end) 
pattern,  or  disorganised  or  aomplex  appearance.  Triangular 
zones  of  periosteal  elevation  (Codman  triangles)  can  be  seen 
at  the  borders  of  zones  of  cortical  destruction  and  tumor 
extension. 


Lymphoid  tumors  with  neoplastic  cells  typically  within 
lymphoid  tissue  (lymph  nodes  and  reticuloendothelial 
organs).  Unlike  leukemia,  lymphoma  usually  arises  as 
discrete  masses.  Lymphomas  are  subdivided  into  HD  and 
NHL.  Almost  all  primary  lymphomas  of  bone  are  B-cell  NHL. 
HD,  mean  age-32  years.  Osseous  NHL,  median-35  years. 


Malignant  tumor  composed  of  proliferating  neoplasbc 
spindle  cells,  which  produce  osteoid  and/or  immature 
tumoral  bone  and  which  most  frequently  arise  within 
medullary  bone  (metadiaphyseal  > metaphyseal  > diaphyseal 
locations).  Two  age  peaks  of  incidence.  The  larger  peak 
occurs  between  the  ages  of  1 0 and  20  and  accounts  for  over 
half  of  the  cases.  The  second  smaller  peak  occurs  in  adults 
over  60  years  and  acaounts  for  approximately  10%  of  the 
cases.  Occurs  in  children  as  primary  tumors  and  adults 
(associated  with  Paget  disease,  irradiated  bone,  chronic 
osteomyelitis,  osteoblastoma,  giant  cell  tumor,  fibrous 
dysplasia). 


(continued  on  page  472) 
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Fig, 10. 194  A 19-year-old  man  with  a large  B-cell 
non-Hodgkin  fyvnphoma  in  the  metadiaphysoal  mar- 
row of  tiie  proximal  tibia,  which  has  mostly  interme- 
diate signal  on  coronal  T1- weighted  Imaging  (a)  and 
high  signal  on  coronal  fat-soppr^sed  17WI  (b). 


Fig.  10.195  A 9-year-old  boy  with  a chondroblastlc 
osteosarcoma  in  the  metadiaphyxal  marrow  of  the 
distal  femur,  which  has  low  and  intennediate  signal 
on  coronal  T1WI  (a)  and  heterogeneous  high  and 
low  signal  on  coronal  fat-suppressed  T2-welghted 
imaging  (b). 
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Table  10.8  (Cont.)  Solitary  intramedullary  metadiaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Ewing  saraoma 
(►  Fig.  10.196) 

Destructive  malignant  lesions  Involving  marrow;  low-inter- 
mediate signal  on  TIWI;  mixed  low.  intermediate,  and/or 
high  signal  on  T2WI  and  FS  T2WI;  usually  shows  Gd-contiast 
enhanaement  (usually  heterogeneous).  Extraosseous  tumor 
extension  tiirough  sites  of  cortical  destruction  is  aommonly 
seen  beneath  an  elevated  periosteum.  Thin  striated  zones  of 
low  signal  on  T2WI  can  sometimes  be  seen  oriented 
perpendicular  to  the  long  axis  of  die  Involved  bone  under 
the  elevated  periosteum  represnting  die  hair  on  end 
appearance  of  reactive  bone  formation  secondary  to  die 
tumor.  In  long  bones,  tumors  are  most  often  located  in  the 
diaphyseal  region,  followed  by  the  metadiaphyseal  region. 

Malignant  primitive  tumor  of  bone  composed  of 
undifferentiated  small  cells  with  round  nuclei.  Accounts  for  6 
to  11  % of  primary  malignant  bone  tumors,  5 to  7%  of 
primary  bone  tumors.  Usually  occurs  between  the  ages  of  5 
and  30,  males>females,  locally  invasive,  high  metastatic 
potential. 

Chondrosarcoma 
(►  Fig.  10.197) 

intramedullary  tumors  often  have  low-intermediate  signal 
on  TIWI,  intermediate  signal  on  PDWI,  and  heterogeneous 
Intermediate-high  signal  on  T7WI.  lesions  usually  show 
heterogeneous  aontrast  enhanaement  Zones  of  cortical 
destruction  can  be  seen  with  extraosseous  extension  of 
tumor. 

Chondrosarcomas  are  malignant  tumors  containing  cartilage 
formed  within  sarcomatous  stroma.  Account  fori  2 to  2 1 % of 
malignant  bone  lesions,  21  to  26%  of  prllmary  sarcomas  of 
bone.Usually  occurs  between  the  ages  of  5 and  91, 
mean=40  years,  median  =26  to  59  years. 

Rbrosaraoma 

intramedullary  lesions  with  Irregular  margins,  witii  or 
witiiout  associated  cortical  desbucdon  and/or  extraoserous 
soft  tissue  maxes.  Lesions  usually  have  low-intermediate 
signal  on  TIWI  and  PDWI.  and  heterogeneous  Intermediate, 
slightly  high,  and/or  high  signal  on  12WI.  Lesions  usually 
show  heterogeneous  Gd-contrast  enhancement 

Fibrosarcomas  are  uncommon  malignant  tumors  consisting 
of  bundles  of  neoplastic  fibroblasts /spindle  cells  witii  varying 
proportions  of  collagen,  lacking  other  tlssue-<Jlfferentlatlng 
features  such  as  tumor  bone,  osteoid,  or  cartilage.  Can  be 
primary  lesions  (75%)  or  arise  as  secondary  bjmors  (25%) 
associated  with  prior  irradiation,  Paget  disease,  bone  inf  arct. 
chronic  osteomyelitis,  fibrous  dysplasia,  giant  cell  tumor. 
Accounts  for  3 to  5%  of  primaiy  malignant  bone  tumors  and 

2 to  4%  of  all  bone  tumors.  Median  age-43  years. 

Malignant  fibrous 
histiocytoma 
( Rg.  10.198) 

intramedullary  lesions  with  irregular  margins  with  zones  of 
cortical  desbucdon  and  exbao&seous  extension.  Tumors 
often  have  Iaw4n1ermedlate  signal  on  TIWI,  low-lnterme- 
dlate  signal  on  PDWI,  and  heterogeneous  Intermediate-high 
signal  on  12 Wl  and  FS  T2W1.  Invasion  into  Joints  occurs  in 
30%.  May  be  associated  with  bone  Infarcts,  bone  cysts, 
chronic  osteomyelitis,  Paget  dbese,  and  other  treated 
primary  bone  tumors.  Lesions  usually  show  heterogeneous 
Gd-aontrast  prominent  enhanaement. 

Malignant  tumor  involving  soft  tissue  and  rarely  bone 
derived  from  undifferentiated  mesenchymal  cells.  Contains 
cells  with  limited  cellular  differentiation  such  as  mixtures  of 
fibroblasts,  myofibroblasts,  hlstiocyte-irke  cells,  anaplastic 
giant  cells,  and  inflammatory  cells.  Accounts  for  1 to  5%  of 
primary  malignant  bone  bimors  and<  1 to  3%  of  ail  primary 
bone  tumors.  Patient  ages  range  from  1 1 to  80  years, 
median=48  years,  mean=  55  years. 

Fig.  10.196  A 10-year-old  girl  with  Ewing  saraoma  In  die  metadlaphyseal  portion  of  the  proximal  fibula  with  permeative  intramedullaiy  and  aorOcal 
bone  destruction  witii  interrupted  periosteal  elevation  (arrows)  (a).  Ihe  tumor  has  high  signal  in  die  marrow  on  coronal  fat-suppressed  T2-weighled 
Imaging  (FS  T2WI)  (b)  and  shows  prominent  Gd-eontrast  enhancement  on  aoronal  PS  T1WI  (c).  Intramedullary  tumor  extends  through  sites  of  cortical 
destruction  wftii  periosteal  elevation  Into  the  adjaaent  exbaosseous  soft  tissues. 
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Fig.  10.197  A 4S-ye®r~oId  woman  with  a low  grade  chondrosarcoma  in  the  metadiaphyseal  portion  of  die  proximal  humerus,  which  contains 
chondrold  mineralization  (a).  The  tumor  has  high  signal  on  coronal  fat-suppression  (FS)  T2-welghted  Imaging  (b)  and  shows  Irregular  lobular 
gadolinium-contrast  enhancement  on  coronal  FS  Tl-welghted  Imaging  (c). 


Fig.  10.196  A 53-year-old  man  with  a malignant  fibrous  histiocytoma  in  tiie  metadiaphyscal  region  of  the  proximal  tibia  that  arose  from  a bone 
Infaict.  The  lesion  has  low,  Intermediate,  and  high  signal  on  coronal  Tl-welghted  Imaging  (T1WI)  (a)  and  shows  heteiogeneous  Gd-contrast 
enhancement  on  coronal  (b)  and  axial  fat-suppreased  T1WI  (c).  The  Intramedullary  lesion  Is  associated  with  cortical  bone  destruction. 
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10.9  Solitary  Intramedullary 
Diaphyseal  Lesions 

• NonmaUgnant  lesions 
o Stress  fracture 
o Bone  infarct 
o Fibrous  dysplasia 
o Fibroxanthoma 
o Enchondroma 
o Eosinophilic  granuloma 
o Osteomyelitis 


• Malignant  lesions 
° Metastatic  lesion 
o Plasmacytoma/myeloma 
o lymphoma 
o Osteosarcoma 
° Ewing  sarcoma 
o Chondrosarcoma 
o Fibrosarcoma 

o Malignant  fibrous  histiocytoma 
o Paget  sarcoma 


Table  10.9  Solltaiy  Intramedullaiy  diaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Nonmaltgnant  lesions 

Stress  fracture 
(►  Fig.  10.199) 

Fractures  often  have  associated  poorly  defined  zones  of 
abnonnal  marrow  signal  with  low  signal  on  T1 -weighted 
imaging  (T1WI),  and  high  signal  on  T2-weighted  imaging 
(T2WI)  and  fat-suppressed  (FS)  T2WI.  Gadolinium  (Gd)- 
eontrast  enhancement  is  typically  seen  in  the  pastfrecture 
period.  Anguiated  cortical  maigins  and  periosteal  high  signal 
on  FS  T2WI  can  be  seen.  A curvilinear  zone  of  low  signal  on 
T2WI  and  FS  T2WI  may  be  seen  within  the  marrow  edema, 
which  is  often  perpendicular  or  oblique  to  the  long  axis  of 
the  Involved  bone. 

Stress  fractures  can  result  from  persistent  chronic  mechan- 
ical overload,  as  well  as  from  osteoporosis  or  osteomalada. 

Bone  infaict 
(►  Fig.  10.200) 

A double-line  sign  (curvilinear  adjaeent  zones  of  low  and 
high  signal  on  T2WI)  is  commonly  seen  at  the  edges  of  the 
Infarcts  representing  die  borders  of  oseous  resorption  and 
healing.  Irregular  Gd-eontiast  enhancement  can  be  seen 
from  granulation  tissue  ingrowth.  Poorly  defined  zones  with 
high  signal  on  12WI  and  Gd-contrast  enhancement  can  be 
seen  In  marrow  and  periosteal  soft  tissues  In  acute  bone 
infarcts. 

Zones  of  ischemic  death  involving  bone  trabeculae  and 
marrow  which  can  be  idiopathic  or  result  from  trauma, 
corticosteroid  treatment,  chemotherapy,  radiation  treat- 
ment, ocdusrve  vascular  diseoe,  collagen  vascular  and  other 
autoimmune  diseases,  metabolic  storage  diseases  (e.g., 
Gaucher  disease),  sldde  eell  disease,  thalassemia,  hyperbaric 
events/Caisson  disease,  pregnancy,  alcohol  abuse,  pancrea- 
titis. infections,  and  lyuiphoproliferative  diseases. 

(continued  on  page  476) 
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Fig.  10.199  A 12-year-old  girl  with  a fatigue-type  stress 
fracture  In  the  proximal  dlaphysls  of  the  tibia.  A horizontal  linear 
zone  of  low  signal  (arrow)  Is  seen  within  the  marrow 
surrounded  by  a poorly  defined  zone  of  low- intermediate  signal 
on  eononal  Tl-welghted  Imaging  (a)  and  high  signal  on  coronal 
fat-suppressed  T2-welghted  Imaging  (F5  T2WI)  (b).  The  high 
signal  on  FS  T2WI  from  edema  and/or  inflammation  extends  up 
into  the  metaphyseal  marrow. 
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Lesions  Involving  Bones 


Fig.  10,200  A 76-year-old 
man  with  an  acute  bone 
Infarct  In  the  dlaphysls  of  the 
femur,  which  Is  seen  as  a 
poorly  defined  zone  of  low- 
Intermediate  signal  In  the 
marrow  on  sagittal  T1- 
weighted  imaging  (T1WI)  (a) 
and  heterogeneous  high  sig- 
nal on  sagittal  (b)  and  axial 
fat-suppressed  (FS)  T2- 
weighted  imaging  (c)  with 
elevated  thin  periosteal 
reaction  with  adjacent  high 
signal  in  the  extraosseous 
soft  tissues  (b).  The  acute 
Infarct  shows  Gd-aontrast 
enhancement  on  axial  FS 
T1WI  (d). 
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Lesions  Involving  Bones 


Table  10.9  (Cont.)  Solitary  intramedullary  diaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Fibrous  dysplasia 
( Fig.  10.201) 

Magnetic  resonance  imaging  (MRI)  features  depend  on  the 
proportions  of  bony  spicules,  collagen,  fibroblastic  spindle 
cells,  hemonhagic  and/or  cystic  changes,  and  associated 
pathological  fracture  if  present  lesions  are  usually  well- 
circumscribed  and  have  low  or  low-intermediate  signal  on 
TIWi  and  PDWI.  On  T2WI,  lesions  have  variable  mixtures  of 
low,  intermediate,  and/or  high  signal  often  surrounded  by  a 
low  signal  rim  of  variable  thickness.  Internal  septations  and 
cystic  changes  are  seen  in  a minority  of  lesions.  Bone 
expansion  with  thickened  and/or  thinned  cortex  can  be 
seen.  Lesions  show  Cd-contrast  enhancement  that  varies  in 
degree  and  pattern. 

Benign  medullary  fibro-osseous  lesion,  which  can  involve  a 
single  site  (mono-os botic)  or  multiple  locations  (polyostotic). 
Thought  to  occur  from  developmental  failure  in  the  normal 
process  of  remodeling  primitive  bone  to  mature  lamellar 
bone  with  resultant  aone  or  zones  of  immature  trabeculae 
within  dysplastic  fibrous  tissue.  Accounts  for  approximately 
10%  of  benign  bone  lesions.  Patients  range  in  age  from<  1 
year  to  76  years;  75%  occur  before  the  age  of  30  years. 

Fibroxanthoma 

Well-circumscribed  eccentric  intramedullary  lesions  in  the 
diaphyseal  regions  of  long  bones,  which  have  mixed  low- 
intermediate  signal  on  TIWI  and  mixed  low,  intermediate, 
and/or  high  signal  on  T2WI,  PDWI,  and  FS  T2WI.  Zones  of 
low  signal  on  TIWI,  PDWI,  and  72WI  can  be  seen  in  the 
central  portions  of  the  lesions.  Zones  with  varying  thickness 
of  low  signal  on  TIWI,  PDWI,  and  T2WI  are  seen  at  the 
margins  of  the  lesions  representing  bone  sclerosis.  Internal 
septations  are  commonly  seen  as  zones  of  low  signal  on 
T2WI  in  these  lesions.  Lesions  can  show  Cd-contrast 
enhancement  (heterogeneous  > homogeneous  patterns). 

Histologically  identical  to  nonossifying  fibromas  but  occur  in 
diaphyseal  portions  of  long  bones.  Lesions  contain  whorls  of 
fibroblastic  cells  combined  with  smaller  amounts  of  multi- 
nucleated  giant  tells  and  xanthomatous  cells.  Patients  range 
in  age  from  6 to  74  years,  60%  of  patients  are  older  than  20 
years  at  diagnosis. 

(continued  on  page  478) 
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Lesions  Involving  Bones 


Flg.10.201  A 19-year-old  man  with  fibrous 
dysplasia  involving  tile  diaphysis  of  tile  tibia, 
lhe  lesion  (arrow)  has  Increased  attenuation 
with  a ground-glass  radiographic  appear- 
ance and  is  associated  with  sllight  expansion 
and  thinning  of  adjacent  cortical  margins 
(a).  The  lesion  has  low-intermediate  signal 
on  sagittal  Tl-weighted  imaging  (T1WI)  (b), 
slightly  high  signal  on  sagittal  fat-sup- 
pressed (FS)  T2^weighfced  Imaging  (c),  and 
shows  Cd-eontrast  enhaneement  on  sagittal 
FS  T1WI  (d). 
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Lesions  Involving  Bones 


Table  10.9  (Cont.)  Solitary  intramedullary  diaphyseal  lesions 

Abnormalities 

MRI  findings 

Comments 

Enchondroma 
( Fig.  10.202) 

tabulated  Intramedullary  lesions  with  well-defined  borders, 
which  usually  have  low-intermediate  signal  onTIWI  and 
intermediate  signal  on  POWI.  On  12WI  and  FS  T2WI.  lesions 
usually  have  pnedomlnandy  high  signal  with  foci  and/or 
bands  of  low  signal  representing  areas  of  matrix  mineral- 
ization and  fibrous  strands.  No  zones  of  abnonnal  high  signal 
onT2WI  are  typically  seen  In  the  marrow  outside  die  borders 
of  die  lesions,  lesions  typically  show  Gd-contrast  enhance- 
ment in  vaiious  patterns  (peripheral  curvilinear  lobular, 
central  nodular/septal  and  peripheral  lobular,  or  heteroge- 
neous diffuse). 

8enign  Intramedullary  lesions  composed  of  hyaline  cartilage, 
represent  appropriately  ICR  of  benign  bone  tumors. 
Enchiondromas  can  be  solitary  (88%)  or  multiple  (12%).  Ollier 
disease  Is  a dysdiondroplasfa  involving  endodiondral-formed 
bone  resulting  in  multiple  enchondromas  (enchondromato- 
sis). Metachondromatosis  is  a combination  of  enchondroma- 
tosis and  osteochondromatosis  and  is  rare.  Maffucd  syndrome 
refers  to  a syndrome  with  multiple  enchondromas  and  soft 
tissue  hemangiomas  and  is  very  rare.  Patients  range  in  age 
fiom  3 to  83  years,  median-35  years,  m can-38  to 40  years, 
peak  In  third  and  fourth  decades. 

Eosinophilic  granuloma 
( Rg.  10.203) 

Focal  intramedullary  lesion(s)  associated  with  trabecular  and 
cortical  bone  destniction,  which  typically  have  low-interme- 
diate signal  on  T1WI  and  POWI  and  heterogeneous  slightly 
high  to  high  signal  on  12WI.  Poorly  defined  zones  of  high 
signal  on  T2WI  are  usually  seen  in  the  marrow  peripheral  to 
the  lesions  secondary  to  inflammatory  changes.  Extension  of 
lesions  from  the  mauow  into  adjacent  sort  tissues  through 
areas  of  cortical  disruption  are  commonly  seen  as  well  as  linear 
periosteal  zones  of  high  signal  on  T2WI.  Lesions  typically  show 
prominent  Gd-contrast  enhancement  in  marrow  and  in 
extra  osseous  soft  tissue  portions. 

Benign  tumor-like  lesions  consisting  of  Langeihans  cells 
(histiocytes),  and  variable  amounts  of  lymphocytes,  poly- 
morphonuclear cells,  and  eosinophils.  Account  for  1%  of 
primary  bone  lesions  and  8%  of  tumor-like  lesions.  Occur  in 
patients  with  median  age- 10  years,  average  - 13.5  years, 
peak  incidence  is  be  tween  5 and  1 0 years:  80  to  85%  occur  in 
patients  less  than  30  years. 

(continued  on  poge  480) 


Fig.  10.202  A 47-year-old  woman  with  an 
enchondroma  in  die  diaphyseal  portion  of 
die  femur,  which  contains  chondroid  matrix 
mineralization  (airow)  on  lateral  radiograph 
(a).  The  lesion  has  mixed  low-intermediate 
signal  on  sagittal  Tl-weighted  imaging 
(T1WI)  (b)  and  high  signal  on  sagittal  F5  T2- 
weighted  imaging  (c).  The  lesion  shows  Gd- 
contrast  enhancement  on  sagittal  FS  T1WI 

(d). 


Lesions  Involving  Bones 


Flg.l  0.203  An  18-year-old  woman 
with  an  eosinophilic  granuloma 
Involving  the  diaphyseal  marrow  of 
the  femur,  which  Is  seen  as  a poorfy 
defined  zone  of  low-intermediate 
signal  on  eoronal  Unweighted 
Imaging  (a).  A thin  marginal  rim  of 
low  signal  Is  seen  surrounding  a 
central  zone  of  high  signal  on 
aoronal  fat-sup  pressed  T2- 
weighted  imaging  (b).  as  well  as  a 
poorly  defined  zone  of  peripheral 
high  signal  and  thin  periosteal 
reaction  with  high  signal. 
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Lesions  Involving  Bones 


Table  10.9  (Cent.)  Solitary  Intramedullary  diaphyseal  lesions 


Abnormalities 

MRI  findings 

Comments 

Osteomyelitis 
(►  Fig.  10.204; 

► Fig.  10.205) 

Poorly  defined  zones  with  high  signal  on  T2WI  and  FS  72WI 
and  Gd-eontiast  enhancement  ane  seen  in  marrow  with 
associated  zones  of  cortical  destruction.  Periosteal  reaction 
can  be  seen  as  a peripheral  rim  of  high  signal  on  T2WI  and  FS 
T2WI  and  Gd-contrast  enhancement  on  FS  T1WI  adjacent  to 
the  low  signal  of  cortical  bone.  A subperiosteal  abeeess  with 
high  signal  onT2WI  and  FST2WI  can  often  be  seen  elevating 
a single  low  signal  thin  band  of  periosteum.  In  the  subacute 
phase  of  pyogenic  osteomyelitis,  the  infection  can  become 
localized  Into  an  Intraosseous  (Brodle)  abscess  with  trabec- 
ular necrosis,  which  can  be  walled  off  by  sclerotic  Intra- 
medullary and  cortical  reaction  with  or  without  a sinus  tract. 

Infection  of  bone  that  can  result  fiom  hematogenous  spread 
of  micro-organisms,  trauma-direct  inoculation,  extension 
from  adjaeent  tissues,  and  complications  from  surgery. 
StophybcDccus  aureus  and  Staptbcxxrus  pyogenes  are  the 
most  common  bacterial  infections  involving  bone.  Osteo- 
myelitis can  also  result  from  other  bacteria  as  well  as 
tuberculosis,  fungi,  parasites,  and  viruses. 

(continued  on  page  482) 


Fig.  10.204  A 13-year-old  boy  with  pyogenic  osteomyelitis  Involving  the  dlaphysls  of  the  tibia,  which  Is  seen  as  a poorly  defined  zone  of  high  signal  on 
coronal  (a)  and  axial  fat-suppressed  (F5)  T2-weighted  imaging  (b)  in  the  marrow  associated  with  periosteal  elevation,  and  poorly  defined  abnormal 
high  72  signal  in  the  adjacent  extraosseous  soft  tissues.  Corresponding  abnormal  Gd-contrast  enhancement  is  seen  in  the  marrow  and  adjacent  soft 
tissues  on  coronal  FS  Tl-welghted  imaging  (c). 
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lesions  within  Joints 


Fig.  11.20  (ayvt*H/erf)  Traumatic  frac- 
ture of  the  ti  bia  in  another  patient  with 
an  Impacted  fracture  fragment  (airow) 
and  poorly  defined  zones  of  low-lnter- 
mediate  signal  in  the  marrow  on  sagittal 
proton  density-weighted  Imaging  (d) 
and  high  signal  on  sagittal  FS  T7WI  (e). 


Fig.  11.21  A traumatic  osteochondral 
fracture  is  seen  imolving  the  lateral 
femoral  aondyle  where  there  is  a high 
signal  defect  on  aoronal  fat-suppressed 
12 -weigh  ted  imaging  (FS  T2WI)  (a).  An 
osteochondral  fragment  (arrow)  Is  seen 
anterior  to  the  distal  femur  wldiln  a joint 
effusion  on  sagittal  FS  T2WI  (b). 


Fig.  11.22  Osteochondritis  dissecans.  A radloluaent  zone  Is  seen  at  the  lateral  aspect  of  the  medial  femoral  condyle  (a),  which  has  mbied  low  and 
intermediate  signal  (arrow)  on  aoronal  T1 -weigh ted  imaging  (b).  A poorly  defined  zone  widi  high  signal  is  seen  in  the  marrow  on  fat-suppressed  T2- 
weighted  imaging  (c)r  as  well  as  a joint  effusion.  Sites  of  discontinuity  are  seen  involving  the  hyaline  cartilage  and  subchondral  bone. 
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Lesions  within  Joints 


Ta  Me  11.1  (Cont.)  Ttimors  and  tumor»lll«e  lesions  within  Joints 


Itimor  or  tumor-lke 
lesion 

MRI  findings 

Comments 

Synovial  hemangioma 
( Fig.  11.23) 

lesions  can  have  well-circumscribed  margins  with  or  without 
lobulations.  Usually  have  low-intermediate  signal  or  hetero- 
geneous lowTntermedlate  and  high  signal  on  T1WI  and 
PDWI.  The  high  signal  zones  on  T1W1  and  PDWI  can  range 
from  thin  linear  zones  to  thick  irregular  zones,  and  are  most 
often  secondary  to  fat  and  occasionally  from  slow-flowing 
blood  within  these  lesions.  On  12WI,  hemangiomas  usually 
have  distinct  margins  with  or  without  lobulations,  and 
slightly  high  to  high  signal.  On  F5  T2WI,  hemangiomas 
typically  have  high  signal  except  for  zones  of  fat  within  the 
lesions,  lesions  usually  show  prominent  Gd-contr  ast 
enhancement.  Prominent  adjacent  veins  may  be  seen. 

Benign  hamartomatous  lesions  consisting  of  capillaiy, 
cavernous,  and/or  malformed  venous  vessels  with  varying 
amounts  of  mature  adipose  tissue. 

Lipoma  aiborescens 
(►  Fig.  11.24) 

Appears  as  multiple  nodular  or  frondlike  deposits  with  fat 
signal  within  hypertrophied  synovium,  often  associated  with 
a Joint  effusion. 

Disoider  with  multiple  villous  or  frondlike  zones  of  fatty 
deposition  In  synovium  within  a Joint,  tendon  sheath,  and/or 
bursa.  Most  frequently  Involves  the  knee.  May  be  Idiopathic 
or  occur  in  the  setting  of  degenerative  arthritis,  collagen 
vascular  disorders,  or  trauma.  Occuis  in  patients  9 to  66 
years. 

Intra-artJcular  lipoma 
(►  Fig.  11.25) 

lesions  usually  have  circumscribed  margins  and  have  MRI 
signal  comparable  to  subcutaneous  fat  on  T1WI,  PDWI, 
12WI,  and  FS  T2WI.  Often  do  not  show  Gd-contrast 
enhancement  except  for  minimal  to  mild  enhancement 
along  the  thin  nonfatty  septa. 

Common  benign  hamartomas  composed  of  mature  white 
adipose  tissue  without  cellular  atypla.  Most  common  soft- 
tissue  tumor,  representing  1 0X  of  all  soft-tissue  tumors  and 
16%  of  benign  soft-tissue  tumors. 

(continued  on  poge  584) 


Fig.  11*23  A 13-year-old  girl  with  a synovial  hemangioma  in  the  knee.  The  lesion  (arrow)  has  high  signal  on  sagittal  fat-suppressed  (PS)  T2- weighted 
Imaging  (a).  Multiple  enlarged  veins  are  seen  adjacent  to  die  hemangioma.  The  hemangioma  (arrow)  has  Intermediate  signal  on  axial  T1 -weighted 
Imaging  (T1WI)  (b),  and  shows  prominent  Gd-contrast  enhancement  (arrow)  on  axial  F5  T1WI  (c). 
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lesions  within  Joints 


Fig.  11 M A 37-year-old  man  with 
lipoma  arborescensatthe  knee. 
Multiple  nodular  and  frondnUe/vlllaus 
deposits  with  fat  signal  are  seen 
within  hypertrophied  synovium  on 
sagittal  proton  density-weighted 
Imaging  (a).  The  fat  signal  Is  sup- 
pressed on  sagittal  fat-suppressed  T2- 
weighted  imaging  (b).  The  hypertro- 
phied fatty  synovium  is  seen  within  a 
large  Joint  effusion. 


583 


Lesions  within  Joints 


Table  11.1  (Cont)  Tumors  and  tumor-like  lesions  within  joints 


Tumor  or  tumor-like 
lesion 

MRI  findings 

Comments 

Intraosseous  giant  aell 
tumor  with  joint 
extension 
( Fig.  11.26) 

Intraosseous  lesions  near  the  ends  of  long  bones,  which 
often  have  low  to  intermediate  signal  on  T1WI  and  PDWIt 
intermediate  to  high  signal  on  T2WI,  and  high  signal  on  FS 
PDWI  and  F5  T2WI.  Aneurysmal  bone  cysts  can  be  seen  in 
14%  of  giant  cell  tumors,  resulting  in  cystic  aones  with 
variable  signal  and  fluid-fluid  levels.  Lesions  frequently  have 
areas  of  cortical  destruction  with  extraosseous  extension 
including  into  joints.  Tumors  show  mild  to  prominent  Gd- 
contrast  enhancement. 

Aggressive  bone  tumors  composed  of  neoplastic  ovoid 
mononuclear  cells  and  scattered  multinudeated  osteoclast- 
like giant  ceils.  Account  for  approximately  5 to  9.5%  of  all 
bone  tumors  and  up  to  23%  of  benign  bone  tumors. 
Malignant  giant  cell  tumors  account  for  5.8%  of  all  giant  cell 
tumors.  Occurs  in  patients  age  4 to  81  years,  median  - 30 
years,  mean  = 33  years. 

Chondroblastoma 
( Fig.  11.27) 

Lesions  typically  involve  the  physeal  plate,  adjacent  epiphy- 
sis, and  metaphysis.  Lesions  often  have  fine  lobular  margins 
and  typically  have  low-intermediate  heterogeneous  signal 
on  T1WI  and  mixed  low,  intermediate,  and/or  high  signal  on 
T2WI.  Areas  of  low  signal  on  T2WI  are  secondary  to 
chondroid  matrix  mineralization  and/or  hemosiderin. 

Lesions  can  show  marginal  or  septal  Gd-contrast  enhance- 
ment patterns.  Cortical  disruption  and  extraosseous  exten- 
sion into  joints  is  uncommon,  although  reactive  synovitis 
and  joint  effusion  commonly  occur.  Perilesional  zones  with 
high  signal  on  T2WI  and  Gd-contrast  enhancement  are 
commonly  seen  in  bone  marrow  as  well  as  periosteal 
location  indicating  reactive  hyperemia  and/or  edema. 

Benign  cartilaginous  tumors  with  chondroblast-like  cells  and 
areas  of  chondroid  matrix  formation  usually  involving  the 
epiphysis.  Usually  present  before  cessation  of  endochondral 
bone  growth.  Account  for  5 to  9%  of  benign  bone  lesions,  1 
to  3%  of  all  bone  lesions.  Occurs  in  patients  with  median 
age  - 17  years,  mean  age-  16  years  forlesions  in  long  bones, 
mean  age  = 28  years  in  other  bones. 

Osteoid  osteoma 
( Fig.  11.28) 

Typically  shows  dense  fusiform  thickening  of  the  cortex, 
which  has  low  signal  on  T1  Wl,  PDWI,  T2WI,  and  FS  T2WI. 
Within  the  thickened  cortex,  a spheroid  or  ovoid  aone 
(nidus)  measuring  less  than  1.5  cm  is  seen  in  the  region  of 
the  original  external  surface  of  bone  cortex.  The  nidus  can 
have  irregular,  distinct,  or  indistinct  margins  relative  to  the 
adjacent  region  of  cortical  thickening.  The  nidus  can  have 
low-intermediate  signal  on  T1WI  and  PDWI,  and  low- 
intermediate  or  high  signal  on  T2WI  and  FS  T2WI. 
Calcifications  in  the  nidus  can  be  seen  as  low  signal  onT2WI. 
After  Gd-contrast  administration,  variable  degrees  of 
enhancement  are  seen  at  the  nidus.  Intra-articular  lesions 
typically  have  associated  reactive  synovitis  and  joint  effu- 
sion. 

Benign  osteoblastic  lesion  consisting  of  a circumscribed 
nidus  less  than  1.5  cm,  and  usually  surrounded  by  reactive 
bone  formation.  These  lesions  are  usually  painful  and  have 
limited  growth  potential.  Osteoid  osteoma  accounts  for  1 1 
to  13%  of  primary  benign  bone  tumors.  Occurs  in  patients 
age  6 to  30  years,  median  - 17  years.  Approximately  75% 
occur  in  patients  less  than  25  years. 

Osteoblastoma 
( Fig.  11.29) 

Expansile  lesion  often  greater  than  1.5  cm  in  diameter  with 
low-intermediate  signal  on  T1WI  and  intermediate-high 
signal  on  T2WI  and  FS  T2WI,  usually  show  Gd-contrast 
enhancement.  Lesions  usually  have  poorly  defined  zones 
with  high  signal  on  T2WI  and  FS  T2WI  and  Gd-contrast 
enhancement  in  the  marrow  (edema,  inflammation)  beyond 
the  aone  of  sclerosis  or  in  adjacent  soft  tissues  from 
prostaglandin  synthesis  by  these  lesions. 

Rare  benign  bone-forming  neoplasm  (2%  of  bone  tumors) 
usually  oacurs  in  patients  age  6 to  30  years,  median  - 1 5 
years.  Histologically  related  to  osteoid  osteomas. 

(continued  on  poge  586) 
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Fig.  11.26  A 17-year-old  boy  with  a giant  cell 
tumor  Involving  the  distal  metaphyseal  portion 
of  die  femur  associated  with  a secondary 
aneurysmal  bone  cyst.  The  tumor  has  mixed 
Intermediate  and  high  signal  on  sagittal  (a) 
and  axial  (b)  T2-welghted  Imaging.  Multiple 
fluid-fluid  levels  are  seen  at  the  aneuiysmal 
cyst  associated  with  the  tumor  within  bone 
and  at  tire  extraosseous  portion,  which 
extends  through  disrupted  cortex  dorsally  into 
the  knee  Joint. 


Fig.  11.27  A 17-year-old  boy  with  chondro- 
blastoma in  tiie  proximal  femur.  The  lesion  is 
located  mostly  In  tiie  epiphysis  but  also 
Involves  tiie  physaal  plate  and  a small  portion 
of  tiie  metaphysis.  The  lesion  has  expanded 
and  thinned  the  medial  margin  of  die  femoral 
head  with  resultant  extension  Into  die  hip 
Joint  Itie  lesion  has  slightly  tabulated  margins 
and  has  heterogeneous  slightly  high  signal  on 
coronal  (a)  and  axial  (b)  fat-suppressed  12- 
weighted  imaging  as  well  as  in  die  adjacent 
marrow  (arrows).  A Joint  effusion  Is  also 
present 


Fig.  11.28  Osteoid  osteoma  Involving  tiie 
intra-aiticular  pottion  of  the  proximal  femur  in 
a 17-year-old  girl.  Computed  tomographic 
Image  shows  a lucent  nidus  (airow)  within 
thickened  cortical  bone  and  medullaiy 
sderosis  (a).  Ihe  nidus  (arrow)  shows  Gd- 
contrast  enhancement  on  axial  fat-suppressed 
Tl-weighted  Imaging  (b).  Poorly  defined  zones 
with  Gd-contrast  enhancement  are  seen  in 
the  marrow  adjacent  to  die  nidus,  as  well  as 
Gd-enhandng  synovium  peripheral  to  fluid  In 
the  hip  Joint. 


Fig.  11.29  A 24-year-old  man  with  an  osteo- 
blastoma Involving  tiie  distal  tibia,  which  has 
heterogeneous  high  and  low  signal  on  sagittal 
(a)  and  coronal  (b)  fat-suppressed  12- 
weighted  imaging  (arrows).  A thin  rim  of  low 
signal  Is  seen  at  die  periphery  of  die  tumor 
and  at  die  bolder  with  medullary  bone.  Ihe 
tumor  causes  expansion  and  irregular  thinning 
of  die  anterior  cortical  maigln  of  tiie  distal 
tibia.  Ilie  lesion  Is  associated  with  poorly 
defined  zones  of  high  signal  in  die  adjacent 
marrow  and  extraosseous  soft  tissues  as  well 
as  In  tiie  Joint  fluid  associated  with  synovial 
inflammation. 
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Lesions  within  Joints 


Table  11.1  (Cont)  Tumors  and  tumor-like  lesions  within  joints 


Tumor  or  tumor-like 
lesion 

MRI  findings 

Comments 

Osteochondroma 
( Fig.  11.30) 

Circumscribed  protruding  lesion  arising  from  outer  cortex 
with  a central  aone  with  intermediate  signal  on  T1WI  and 
T2WI  similar  to  marrow  surrounded  by  a peripheral  zone  of 
low  signal  on  T1 W and  T2  W images.  A cartilaginous  cap  is 
usually  present  in  children  and  young  adults.  Increased 
malignant  potential  when  cartilaginous  cap  is  >2  cm  thick. 

Benign  cartilaginous  tumors  arising  from  defect  at  periphery 
of  growth  plate  during  bone  formation  with  resultant  bone 
outgrowth  covered  by  a cartilaginous  cap.  Usually  benign 
lesions  unless  associated  with  pain  and  increasing  siae  of 
cartilaginous  cap.  Osteochondromas  are  common  lesions, 
accounting  for  1 4 to  35%  of  primary  bone  tumors.  Occur 
with  median  age  of  20  years;  up  to  75%  percent  of  patients 
are  less  than  20  years. 

Malignant 

Intra-articular  exten- 
sion from  intraosseous 
metastatic  tumor 

Intramedullary  lesions  with  low-intermediate  signal  onTIWI; 
low-intermediate  to  slightly  high  signal  on  PDWI;  slightly 
high  to  high  signal  on  T2WI  and  FS  T2WI.  Sclerotic  lesions 
often  have  low  signal  on  T1  Wl  and  mixed  lowt  intermediate, 
and/or  high  signal  on  T2WI.  Tumors  frequently  cause 
cortical  destruction  with  extension  into  the  extraosseous 
soft  tissues  including  joints.  Most  lesions  show  Gd-contrast 
enhancement. 

Proliferating  neoplastic  cells  that  are  located  in  sites  or 
organs  separated  or  distant  from  their  origins.  Intraosseous 
metastatic  lesions  can  have  associated  bone  destruction  and 
extraosseous  extension,  including  into  joints. 

Intra-articular  exten- 
sion from  myeloma 
( Fig.  11.31) 

Multiple  or  single  intramedullary  zones  with  low-intennedi- 
ate  signal  on  T1  Wl  and  PDWI;  intermediate,  slightly  high,  to 
high  signal  on  T2WI;  and  slightly  high  to  high  signal  on  FS 
T2WI.  Intramedullary  lesions  and  corresponding  signal 
abnormalities  may  be  diffuse,  focal  with  poorly  defined  or 
distinct  margins,  and/or  in  an  extensive  variegated  pattern. 
Lesions  usually  show  Gd-contrast  enhancement.  Tumors 
frequently  cause  cortical  destruction  with  extension  into  the 
extraosseous  soft  tissues,  including  joints. 

Malignant  tumors  composed  of  proliferating  antibody- 
secreting  plasma  cells  derived  from  single  clones  within  bone 
marrow.  Plasma  cells  normally  account  for  less  than  5%  of 
the  cells  in  bone  marrow.  Most  common  primary  neoplasm 
of  bone  in  adults,  accounts  for  44%  of  primary  malignant 
bone  tumors  and  34%  of  all  primary  bone  tumors.  Occurs  in 
patients  age  16  to  80,  median  = 60  years.  Most  patients  are 
older  than  40  years. 

Intra-articular  exten- 
sion from  lymphoma 
involving  bone 
(Fig.  11.32) 

Multiple  or  single  intramedullary  zones  with  low-intennedi- 
ate  signal  on  T1  Wl  and  PDWI;  intermediate,  slightly  high,  to 
high  signal  on  T2WI;  and  slightly  high  to  high  signal  on  FS 
T2WI.  Intramedullary  lesions  and  corresponding  signal 
abnormalities  may  be  diffuse,  focal  with  poorly  defined  or 
distinct  margins,  and/or  in  an  extensive  variegated  pattern. 
Lesions  usually  show  Gd-contrast  enhancement.  Tumors 
frequently  cause  cortical  destruction  with  extension  into  the 
extraosseous  soft  tissues,  including  joints. 

Lymphoma  represents  a group  of  lymphoid  tumors  whose 
neoplastic  cells  typically  arise  within  lymphoid  tissue  (lymph 
nodes  and  reticuloendothelial  organs).  Unlike  leukemia, 
lymphoma  usually  arises  as  discrete  masses.  Almost  all 
primary  lymphomas  of  bone  are  B cell  non-Hodgkin 
lymphomas  (NHLs).  NHL  frequently  originates  at  extranodal 
sites  and  spreads  in  an  unpredictable  pattern. 

Intra-articular  exten- 
sion from  leukemia 

Leukemic  infiltration  in  marrow  can  appear  as  diffuse  or 
poorly  defined  aones  of  low-intermediate  signal  on  T1WI  and 
PDWI,  intermediate-slightly  high  to  high  signal  on  FST2WI. 
Focal  or  geographic  regions  with  similar  signal  alteration  can 
also  be  seen.  After  Gd-contrast  administration,  leukemia  can 
show  Gd-contrast  enhancement  on  T1WI  and  FS  T1  Wl.  Note 
should  be  made  that  Gd-contrast  enhancement  may  be  seen 
in  normal  vertebral  marrow  in  children  less  than  7 years. 
Tumors  can  cause  cortical  destruction  with  extension  into 
the  extraosseous  soft  tissues,  including  joints. 

Lymphoid  neoplasms  that  have  widespread  involvement  of 
the  bone  marrow  as  well  as  tumor  cells  in  peripheral  blood. 
Acute  lymphoblastic  leukemia  (ALI)  is  the  most  frequent 
type  in  children  and  adolescents.  In  adults,  chronic 
lymphocytic  leukemia  (CLL)  is  the  most  common  type. 
Myelogenous  leukemias  represent  neoplasms  derived  from 
abnormal  myeloid  progenitor  cells  that,  if  normal,  would 
form  erythrocytes,  monocytes,  granulocytes,  and  platelets. 
Acute  myelogenous  leukemia  (AML)  usually  occurs  in 
adolescents  and  young  adults  and  accounts  for  approxi- 
mately 20%  of  childhood  leukemia.  Chronic  myelogenous 
leukemia  (CML)  occurs  in  adults  oider  than  25  years. 

(continued  on  page  588) 
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lesions  wfthin  Joints 


Fig.  11.30  Patient  wtth  multiple  exfitDxs 
including  osteochondromas  at  the  distal  dorsal 
femur  and  proximal  dorsal  surface  of  the  tibia 
as  seen  on  lateral  radiograph  (a).  The  osteo- 
chondroma at  die  dorsal  femur  has  a thin 
cartilaginous  cap  with  high  signal  (arrow)  on 
sagittal  fat-suppressed  T2-weighted 
imaging  (b). 


Fig.  1131  A 77-year-old  woman 
wfth  myeloma  Involving  the  marrow 
of  tiie  proximal  tibia  associated  with 
cortical  destniction  and  exbaoss- 
eous  extension  Including  the  knee 
Joint  The  tumor  has  high  signal  on 
sagittal  (a)  and  axial  (b)  fat-sup- 
pressed T2-welghted  Imaging. 


Fig.  1132  A 32-year-old  woman  with  large  B 
cell  noo-Hodgkln  lymphoma  Involving  tire 
marrow  of  the  proximal  tibia  associated  with 
cortical  destruction  and  exbaasseous  exten- 
sion Into  tlie  knee  Joint  The  lymphoma  has 
heterogeneous  high  signal  on  sagittal  (a)  and 
axiai  (b)  fat-suppresed  12 -weighted  imaging. 
A nodular  lymphoma  lesion  is  also  seen  dorsal 
to  tire  posterior  cruciate  ligament. 
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Table  11.1  (Cont.)  TUmors  and  tumor-Mie  lesions  wtthta  Joints 


Tlimor  or  tumor-Hke 
lesion 

MRI  findings 

Comments 

Intra-articular  exten- 
sion from  primary 
malignant  bone  tumors 
(►  Fig.  11.33; 

► Fig.  11.34) 

Intramedullary  zones  with  low-intermediate  signal  onTIWI; 
intermediate,  slightly  high,  to  high  signal  on  T2WI;  and 
slightly  high  to  high  signal  on  FS  T2WI.  Lesions  usually  show 
Gd-contrast  enhancement.  T umons  frequently  cause  cortical 
destruction  with  extension  into  tile  exftraossous  soft 
tissues,  Including  Joints. 

Piimaiy  sarcomas  involving  bone  (osteosarcoma,  diondm- 
sarcoma,  fibrosarcoma,  etc.)  can  cause  cortical  destruction 
with  extraosceous  extension  of  tumor.  Including  Into  Joints. 

Synovial  chondrosar- 
coma 

Lesions  usually  have  low-intermediate  signal  on  T1WI  and 
heterogeneous  predominantly  high  signal  onT2WI.  Zones  of 
low  signal  on  T2WI  are  related  to  the  presence  and  degree  of 
matrix  mineralization  and/or  fibrous  tissue.  Lesions  often 
have  tabulated  margins,  with  or  without  internal  septations. 
Tumors  usually  show  aontiast-enhaneement  In  patterns 
ranging  from  tabulated  peiipheral  and/or  septal,  or  homo- 
geneous versus  heterogeneous  depending  on  the  degree  of 
matrix  mineralization  and/or  necrosis. 

Oiondrosaroomas  rarely  arise  within  synovium. 

Fig,  11. 33  Primary  osleosarooma  In  the  distal 
metaphysis  and  epiphysis  of  the  femur,  which 
extends  from  the  marrow  Into  adjaoent  extra- 
osseous  tissues  and  knee  Joint  via  multiple 
aones  of  cortical  disruption.  The  intramedul- 
lary and  extraosseous  tumor  has  heteroge- 
neous slightly  high,  Intermediate,  and  low 
signal  on  sagittal  (a)  and  axial  (b)  lat-sup- 
pnessed  T2 -weighted  Imaging.  Irregular  amor- 
phous, divergent,  and  perpendicular  bands 
and  sb  ands  of  low  signal  are  seen  in  the 
extraosseous  tumor  representing  tumor- 
Induoed  bone  fbrmation/perlosteal  reaction.  A 
thin,  slightly  irregular  zone  of  low  signal  is  seen 
at  portions  of  the  peripheral  border  of  tile 
extraosceous  tumor  representing  a partially 
Intact  elevated  periosteum. 


Fig.  11,34  A 60-yearotd  woman  with  a dedifferentiated  chondrosarcoma  involving  tile  distal  femur.  Axial  computed  tomographic  image  (a)  shows  a 
destructive  Intraosseous  lesion  with  chondroid  matrix  mineralization  associated  with  aortlcal  bone  destitution.  The  tumor  has  heterogeneous  high 
signal  on  axial  fat-suppressed  T2- weighted  imaging  (b).  Tumor  extension  from  the  marrow  into  the  kneejointand  adjaaent  soft  tissues  is  seen  through 
sites  of  cortical  bone  destruction.  The  lesion  shows  irregular  heteiogeneous  Gd -contrast  enhanaement  on  axial  Tl-weighted  imaging  (c). 
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1 1 .2  Suggested  Reading:  Lesions 
within  Joints 
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1 2 Lesions  Involving  the  Soft  Tissues 

Steven  R Meyers 


12.1  Nonmalignant  T umors  and 
Tumor-Like  Lesions  Involving  the 
Soft  Tissues  of  the  Extremities 

• lipoma 

• lipomatosis 

• Atypical  lipoma 

• Hibernoma 

• lipoblastoma 

• Hemangioma 

• Angiomatosis/hemangiomatosis 

• Muscle  infarction  with  fat  replacement 

• Idiopathic  and  diabetic  skeletal  muscle  necrosis 

• Denervation  of  muscle 

• Lymphangioma 

• Nodular  faciitis 

• Nerve  sheath  tumor  (schwannoma,  neurofibroma) 

• Neurothekeoma 

• Granular  cell  tumor 

• Traumatic  neuroma 

• Morton  neuroma 

• lipoma  of  nerve  (fibrolipomatosis  hamartoma) 

• Leiomyoma 

• Solitary  fibrous  tumor 


• Desmoid  tumor/fibromatosis 

• Myxoma 

• Ganglion  cyst 

• Hematoma/seroma 

• Heterotopic  ossification 

• Tumoral  calcinosis 

• Giant  cell  tumor  of  the  tendon  sheath 

• Fibroma  of  the  tendon  sheath 

• Xanthoma 

• Amyloid 

• Epidermoid 

• Elastofibroma 

• Aneurysm 

• Hypothenar  hammer  syndrome 

• Abscess/myositis 

• Cat  scratch  disease 

• Parasitic  infection 

• Sarcoid 

• Giant  cell  reaction  to  foreign  body 

• Granuloma  annulare 

• Gout 

• Rheumatoid  arthritis 

• Dermatomyositis 

• Scleroderma/systemic  sclerosis 


Table  12.1  Nonmalignant  tumors  and  tumor-like  lesions  involving  the  soft  tissues  of  the  extremities 

Tumor/tumor-like 

lesion 

MRI  findings 

Comments 

Lipoma 
(►  Fig.  12.1) 

Often  have  circumscribed  margins  and  have  magnetic 
resonance  imaging  (MRI)  signal  comparable  to  sub- 
cutaneous fat  on  Tl-weighted  imaging  (T1  Wl),  proton 
density-weighted  imaging  (PDWI),  12-weighted  imaging 
(T2WI),  and  fat-suppressed  (FS)  T2WL  Often  do  not  show 
gadolinium  (Gd)-contrast  enhancement  except  for  minimal 
to  mild  enhancement  along  the  thin,  nonfatty  septa. 

Common  benign  hamartomas  composed  of  mature  white 
adipose  tissue  without  cellular  atypia.  Most  common  soft 
tissue  tumor,  representing  10%  of  all  soft  tissue  tumors  and 
16%  of  benign  soft  tissue  tumors. 

Lipomatosis 
(►Fig.  12.2) 

Infiltrating  adipose  tissue  or  multiple  lobules  of  fat  can  be 
seen  in  muscles,  facial  planes,  and/or  subcutaneous  fat 

Diffuse  proliferation  of  mature  adipose  tissue.  Can  occur  as 
several  types.  The  diffuse  type  typically  involves  the  soft 
tissues  of  an  extremity  or  trunk  in  children  with  or  without 
associated  osseous  hypeitrophy.  Multiple  symmetric  lip- 
omatosis (Madelung  disease)  usually  occurs  in  the  neck, 
trunk,  and  pelvis  of  adult  men  (peak  incidence  in  the  fifth 
decade.  Shoulder  girdle  lipomatosis  usually  occurs  in  women 
and  involves  the  muscles  at  one  shoulder  and  adjacent  chest 
wall.  Adiposis  dolorosa  (Dercum  disease)  usually  occurs  in 
obese  postmenopausal  women  who  have  multiple  painful 
fatty  lesions  in  the  extremities  or  trunk. 

(continued  on  page  5 94) 
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Fig.  12.1  A 71  -year-old  woman  with  an  inba- 
muscular  lipoma  In  her  thigh.  The  lipoma 
(arrow)  has  high  signal  on  axial  Tl-weighted 
imaging  (a).  The  fat  signal  of  tile  lipoma  is 
suppressed  on  axial  fat-suppressed  T2- 
welghted  Imaging  (b). 


Fig.  12.2  A 42-year-old  man  with  bilateral 
symmetric  lipomatosis  Involving  tine  Inguinal 
regions,  subcutaneous  and  Intermuscular  soft 
tissues  of  both  proximal  thighs.  Multiple  fatty 
lobules  (arrows)  are  seen  with  thin  peripheral 
nonfatty  septa  on  axial  computed  tomo- 
graphic image  (a).  Poorly  defined  rones  with 
attenuation  slightly  higher  than  fat  are  also 
seen  In  the  fatty  lobules.  On  coronal  T1- 
weighted  imaging,  the  lesion  has  magnetic 
resonance  imaging  signal  that  is  slightly  lower 
than  subcutaneous  fat  (arrows)  and  contains 
zones  with  mined  low-intermediate  and 
intermediate  signal  (b).  The  lesion  (arrows) 
aontalns  aones  with  high  signal  on  axial  T2- 
welghted  Imaging  (c)  and  axial  fat-suppressed 
12-weighted  imaging  (d). 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumor-like  lesions  Involving  the  soft  tissues  of  the  extremities 


TVimor/tumor-lllee 

lesion 

MRI  findings 

Comments 

Atypical  lipoma 
(Fig.  12.3) 

Atypical  lipomas  may  contain  cystfc/necrotic  zones,  calcifi- 
cations. thick  septa,  and/or  nodular  zones,  which  may  or 
may  not  show  Cd-contiast  enhancement  Most  atypical 
lipomas  contain  more  than  75%  fat  whereas  liposareomas 
often  have  less  than  75%  fat  Distinguishing  between 
atypical  lipomas  and  low  grade  llposarcomas  with  MR!  can 
be  difficult  and  challenging. 

Atypical  lipomas  account  for  up  to  31%  of  lipomas.  Lesions 
contain  zones  with  osseous,  chondroid,  or  fibrous  metaplasia 
wfth  myxoid  changes.  Atypical  lipomas  have  been  labeled  as 
chondroid  lipomas,  osteollpomas,  or  benign  moenchymo- 
mas.  Chondroid  lipomas  contain  mature  fat,  iipoblasts,  and 
diondioid  matrix.  Spindle  cell  and  pleomorphic  lipomas  are 
variants  that  have  vaiylng  proportions  of  mature  fat  cells, 
spindle  cells,  collagen,  and  muitinuclealed  giant  cells. 
Lipomas  with  high  content  of  fllbrous  tissue  content  have 
been  labeled  as  flbrolipomas. 

Hibernoma 
(►  Fig.  12.4) 

well-defined  lesions  that  often  have  intermediate  to  high 
signal  on  T1WI  (hypo-  or  Isolntense  relative  to  subcutaneous 
fat),  and  sllghtlly  high  signal  on  12WI.  Lesions  can  have 
slightly  hyperintense  signal  relative  to  fat  on  F5  T2W1  and 
short  Tl  Inversion  recovery  (STIR).  Internal  septations  and/or 
branching-serpentine  slew-flow  vascular  channels  may  be 
seen  on  Tl  W!  and  T2WI.  Lesions  can  show  Gd-eontrast 
enhancement  within  brandling  vascular  channels. 

Rare  benign  lesions  derived  from  brown  adipose  tissue 
Intermixed  wftii  while  adipose  tissue.  Account  for  less  than 
2%  of  fatty  tumors;  occur  In  patients  age  2 to  over  75  years, 
mean-32  to  38  years. 

Upoblastoma 
(►  Fig.  12.5) 

lesions  often  have  mixed  low.  intermediate,  and  high  signal 
on  T1WI,  T2WL  and  FS  T2WI.  Lesions  often  show  hetero- 
geneous Gd -contrast  enhancement 

Rare  benign  mesenchymal  tumors  that  contain  embryonal 
fat.  Account  for  less  than  1%  of  benign  soft  tissue  tumors. 
Patients  are  age<  1 year  to  10  years,  mean -4  years. 

(continued  on  page  596) 


Fig.  12.3  A 55-yaar-old  woman  with 
an  atypical  lipoma/osteolipoma 
InvoMng  the  Iliopsoas  muscle  ventral 
to  the  proximal  femur  The  lesion 
(arrow)  aontains  mostly  fat  signal  on 
a»al  T1- weighted  imaging  (a)  as  well 
cuivlllnear  and  small  nodular  zones  of 
low  signal.  The  signal  of  the  fatty 
portions  of  the  lesion  is  suppressed  on 
axial  fat-suppressed  T2- weighted 
Imaging  (b),  whereas  several  of  the 
small,  nonfatty  portions  show  inter- 
mediate to  high  signal  (anew). 


Fig.  12.4  A 71-year-old  woman  with  a hiber- 
noma involving  the  vastus  muscles  of  the 
proximal  thigh.  Ihe  lesion  has  well-defined 
margins  and  aontains  mostly  fat  signal  on  axial 
Tl-weighted  imaging,  which  is  slightly  lower 
than  subcutaneous  fat  (a)  as  well  as  curvilinear 
and  small  nodular  zones  of  low  signal.  The 
signal  of  the  fatty  port ioro  of  tire  lesion  is 
suppressed  on  axial  fat-suppressed  T2- 
welghted  imaging  (F5 12WI)  (b),  whereas 
nonfatty  portions  show  intermediate  to  high 
signal  on  FS  T2WI  (arrow). 
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Fig.  12.5  A 3-montlvold  male  with  a large  iipoblasloma  involving  the  thigh.  The  lesion  infiltrates  adjacent  muscles  and  subcutaneous  tissues,  and 
contains  zones  with  magnetic  resonance  Imaging  signal  approximating  that  of  fat  on  coronal  TT  weighted  Imaging  (T1WI)  (a).  Many  of  the  fatty  zones 
have  signal  slightly  lower  than  subcutaneous  fat  on  T1WI  as  well  as  higher  signal  on  aoranal  short  Tl  inversion  reaovery  (STIR)  (b).  The  lesion  shows 
heterogeneous  gadolinium  (Gd)-contrast  enhancement  on  coronal  fat-suppressed  (F5)  T1WI  (c).  A 1. 5-year-old  boy  with  a lipobiastema  (arrow)  lateral 
to  the  iliac  bone,  which  has  signal  mostly  similar  to  fat  and  contains  strands  of  intermediate  signal  on  axial  (d).  The  nonfatty  strands  within  die  lesion 
have  slightly  high  signal  on  axial  FS  TWI  (e)  and  show  mild  Gd-eontrast  enhancement  on  axial  FS  T1WI  (arrow)  (f). 
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Table  12.1  (Cent.)  Nonmallgnant  tumors  and  tumoHIke  lesions  Involving  the  soft  tissues  of  the  extremities 


Ttimor/tumor-illoe 

lesion 

MR)  findings 

Comments 

Hemangioma 
(►  Fig.  12.S) 

Hemangiomas  have  circumscribed  margins  with  or  without 
lobulations  and  have  iow-inlermediale  signal  or  heteroge- 
neous low- intermediate  and  high  signal  on  T1WI  and  PDWI; 
and  high  signal  on  T2WI.  On  FS  T2WI.  hemangiomas 
typically  have  high  signal  exrept  for  zones  of  fat  within  die 
lesions.  Zones  of  hemoirhage  can  sometimes  be  present  In 
hemangiomas  as  well  as  phlebolitiis.  Hemangiomas  usually 
show  prominent  Gd-contrast  enhancement. 

Benign  hamartomabous  lesions  of  bone  and  soft  tissues 
consisting  of  capillary,  cavernous,  and/or  malformed  venous 
vessels. 

Aiiglomatosis/heman- 
giomatosis 
(►  Rg.  12.7) 

Multifocal,  adjaeent,  and/or  aontlguous  lesions  Involving 
different  tissues  crossing  fascial  planes,  lesion  often  have 
high  signal  on  F5  T2WI  and  show  Gd-contrast  enhancement, 

Dif Fuse  form  of  hemangiomas  that  can  occur  In  soft  tissue 
and/or  bone,  can  oocur  over  a large  region  (often  up  to 
20cm)  and  Involve  multiple  tissue  planes,  and  may  oontaln 
lymphanglomatous  portions.  Contain  mixtures  of  capillary 
and  cavernous  vessels  with  variable  amounts  of  arterio- 
venous and  adipose  tissue.  Considered  benign  (exaeptfbr 
angiomatosis  associated  with  Maf hied  syndrome,  which 
does  have  a malignant  potential)  and  can  recur  after  surgeiy. 

Muscle  Infarct  with  fat 
replacement 
( Fig.  12.8) 

In  the  early  phases  of  ischemia  and  Infarction,  poorly  defined 
zones  of  Increased  signal  on  T2WI  and  F5  T2WI  can  be  seen 
in  the  involved  musdes.  Remote  infarcts  are  seen  as  fatty 
replaaement  of  muscle  tissue. 

Zones  of  ischemic  Injuiy  and  deatii  involving  musde  from 
trauma.  eortieostErold  treatment,  chemotherapy,  radiation 
treatment,  diabetes,  oedusive  vascular  disease,  and  eoliagen 
vascular  and  other  autoimmune  diseases. 

(continued  on  page  598) 


Fig. 12. 6 A 57-year-old  man  with  an  intramuscular  hemangioma  in  the  diftgh  (arrow),  which  has  mixed  intermediate  and  high  signal  on  axial  T1- 
weighled  imaging  (T1W1)  (a),  lhe  lesion  has  mostly  high  signal  on  axial  fat-suppressed  (FS)  12-weighfeed  imaging  (airow)  (b),  and  shows 
heterogeneous  Gd-contrast  enhancement  In  tiie  lesion,  which  contains  prominent  veins  on  axial  FST1WI  (arrow)  (c). 
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Flg.12.7  A 22-year-old  man  with  angiomato- 
sis involving  the  soft  tissues  of  the  head  and 
neck.  Ihe  multifocal  lesions  Involve  multiple 
tissue  planes  and  have  high  signal  on  coronal 
(a)  and  axial  (b)  fat-suppressed  (FS)  T2- 
welghted  Imaging,  and  show  moderate  gado- 
linium-contrast enhancement  on  eoronal  FS 
Tl-weighted  imaging  (T1WI)  (c).  A 20-year-old 
woman  with  Maffueci  syndrome  with  multiple 
■ontrast-enhandng  endiondromas  and  hem- 
angiomas Involving  the  soft  tissues  of  the  hand 
on  coronal  FS  TIWI  (d). 


Fig.  12.8  A 60- year-old  man  with  a 
remote  Infarct  Involving  the  medial 
gastrocnemius  muscle.  There  is  dif- 
fuse high  signal  on  axial  T1- 
welghted  Imaging  (TIWI)  (a)  In  die 
muscle  (arrow)  seeondary  to  fatty 
atrophy  resulting  from  the  infarct, 
which  has  corresponding  low  signal 
on  axial  fat-suppressed  TIWI 
(arrow)  (b). 
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Table  12.1  (Cant.)  Nonmallgnant  tumors  and  tumoHIke  lesions  Involving  the  soft  tissues  of  the  extremities 


flimor/tumor-Moe 

lesion 

MRI  findings 

Comments 

Idiopathic  and  diabetic 
skeletal  muscle 
necrosis 
(►  Fig.  12.9) 

Swelling  of  musde(s)  with  heterogeneous  decreased  signal 
on  T1WI  and  heterogeneous  slightly  high  to  high  signal  on 
T2WI  and  FS  T2WI.  Poorty  defined  zones  with  high  signal  on 
FS  T2WI  are  often  seen  in  adjaoent  fascia  and  soft  tissues, 
lesions  often  show  heterogeneous  and  variable  Gd-contiast 
enhancement 

Necrosis  of  skeletal  muscle,  which  can  be  associated  with 
diabetes  as  well  as  alcoholism,  or  can  be  idiopatiiic.  Lesion(s) 
present  as  rapidity  evolving  tender  mass  In  skeletal  musde 
consisting  of  hemorrhagic  necrosis,  edema,  and  perivascular 
and  endomysial  lymphohistiocytk  infiltrate  Occurs  in  the 
absence  of  trauma.  Infection  (negative  cultures),  neoplastic 
disease,  autoimmune  myositis,  or  vasculitis.  May  be  related 
to  atheroemboli  superimposed  on  diabetic  small  vessel 
disease.  Most  common  In  thigh  muscles,  1.7:1  female  to 
male  ratio  In  patients  ranging  In  age  from  19  to  77  yean, 
mean  =43  yean.  Creatine  kinase  can  be  three  to  four  times 
the  normal  value,  erythrocyte  sedimentation  rate  (KR) 
usually  elevated.  Treatment  Is  typically  conservatte  with 
supportive  management  consisting  of  analgesics,  rest,  and 
Immobilization.  Symptoms  often  resolve  In  4 to  8 weeks. 

Denervation  of  musde 
( Fig.  12.10) 

in  the  early  phases  of  denervation,  within  15  days,  involved 
musdes  can  have  low  signal  on  T1  Wl  and  slightly  high  to 
high  signal  on  T2WI  and  FS  T2WI  without  Involvement  of  the 
adjaoent  fascia  and  subcutaneous  fat  After  1 year,  fatty 
replacement  of  die  involved  muscles  with  atrophy  can  be 
seen. 

Early  phases  of  denervation  result  In  neurogenic  edema.  In 
chionicand  complete  muscle  denervation,  atrophy  and  fatty 
replacement  of  muscle  typicality  occur  after  1 year.  Parson- 
age-Turner syndrome  Is  one  type  of  denervation  that  results 
in  an  acute  painful  shoulder  from  injury  of  the  brachial 
plexus  and  damage  to  the  suprascapular  nerve  (C5»  C6)  with 
Involvement  of  tire  suprasplnatus  and/or  Infraspinatus 
muscles.  Quadrilateral  space  syndrome  results  from  damage 
or  Injury  to  the  axillary  nerve  (C5.  C6).  which  can  affect  the 
teres  minor  and  deltoid  musdes. 

Lymphangioma 
( Fig.  12.11) 

Can  be  circumsaibed  lesions  or  occur  in  infiltrative  pattern 
with  extension  within  and  between  musdes.  Often  contain 
single  or  multiple  cystk  zones,  whidi  have  predominantly 
low  signal  on  T1WI  and  high  signal  on  12 Wl  and  FS  T2WI. 
Fluid-fluid  levels  and  zones  with  high  signal  on  T1WI  and 
variable  signal  on  T2WI  may  result  from  cysts  containing 
hemorrhage,  high  protein  concentration,  and/or  neaob'c 
debris.  Septa  taween  die  cystic  zones  can  vaiy  In  thickness 
and  Gd-contiast  enhancement,  and  usually  have  low  signal 
on  T1WI  and  low  to  intermediate  signal  on  12WI  and  FS 
T2WI.  Nodular  zones  within  die  lesions  can  have  variable 
degrees  of  Gd  contrast  enhancement 

Benign  vascular  tumors  that  typically  occur  in  soft  tissue  and 
only  rarely  In  bone,  which  result  from  abnormal  proliferation 
of  lymphatic  veaets.  Lesions  are  composed  of  endothelium- 
lined  lymphatic  channels  interspersed  within  connective 
tissue  stroma.  Aotount  for  lex  than  1 % of  benign  soft  tissue 
tumors  and  5.6%  of  all  benign  lesions  of  Infancy  and 
childhood.  Can  occur  in  association  with  Turner  syndrome 
and  Proteus  syndrome.  Patients  usually  range  in  age  from  1 
to  50 years,  mean- 19  years.  Can  be  congenital,  wftii 
approximately  50%  present  at  birth.  Approximately  85%  are 
detected  by  age  2. 

(continued  on  page  6 00) 

Fig.  12.9  A 55-year-old  woman  with  dia- 
betic myonecrosis  Involving  the  thigh. 
Coronal  (a)  and  axial  (b)  fat-suppressed 
T2-welghted  Imaging  shows  Irregular 
enlargement  of  the  adductor  musdes, 
which  have  abnormal  heterogeneous 
slightly  high  to  high  signal  (arrows). 
Poorly  defined  zones  with  high  signal  are 
also  seen  in  the  adjacent  soft  tissues. 
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Fig, 12. 10  An  82-year-old  man  with  a 
history  of  polio  with  denervation  of  tile 
semimembranosus  muscle,  which  Is  seen 
as  extensive  fatty  replacement  on  coronal 
(a)  and  axial  (b)  Tl-weighted  imaging 
(arrows).  A 52-yea rwjki  woman  with  fatty 
replacement  of  the  suprasplnatus  and 
infiaspinatus  muscles  (c,d)  from  dener- 
vation secondary  to  an  injured  supra- 
scapular nerve  (arrows). 


Fig.  12.11  Lymphangioma  In  the  soft  tissues 
adjacent  to  the  elbow  of  a 1-ycar-ok)  boy.  A 
lobulated  lesion  witii  high  signal  on  axial  fat- 
suppressed  (FS)  T2-welghted  imaging  (a)  Is 
seen,  which  contains  thin  septa.  Ihin  periph- 
eral Gd-contrast  enhancement  is  seen  on 
sagittal  FS  Tl-welghted  Imaging  (b). 
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Table  12.1  (Cent.)  Nonmallgnant  tumors  and  tumordlke  lesions  Involving  the  soft  tissues  of  the  extremities 


Tlimor/tumor-llke 

lesion 

MRI  findings 

Comments 

Nodular  faditis 
(►  Fig.  12.12) 

lesions  can  have  mildly  irregular  or  stellate  borders,  lesions 
usually  have  intermediate  signal  on  T1WI  and  POWI  and 
homogeneous  or  mildly  heterogeneous  high  signal  on12WI 
and  FS  T2WI.  Surrounding  edema  is  occasionally  seen.  Older 
lesions  with  high  fibrous  content  may  have  intermediate 
signal  on  T2WI.  lesions  can  show  homogeneous  or 
peripheral  rimlike  patterns  of  Gd-contrast  enhancement 

Benign  reactive  lesion  consisting  of  proliferating  fibroblasts, 
usually  occurring  in  the  subcutaneous  tissue  or  muscle. 
Aoeounts  for  1 1X  of  benign  soft  tissue  tumors  and  7X  of  all 
soft  tissue  timers.  Patients  range  from  age  1 1 to  51  years, 
mean  -31  years. 

Nerve  sheath  tumor 
(sdiwannoma.  neuro- 
fibroma) 

(►  Fig.  12.13; 

► Rg.  12.14; 

► Fig.  12.15) 

or  fusiform  lot ora  with  lowtfntermedlate  skptal  onTIWI, 
intermediate  signal  on  FIRM,  and  intermediate  to  hk^i  signal  on 
TOM  and  FS  TOM.  lesions  typfc^y  show  mode  rate  to  prominent 
Gd<Dfm$t enhancement  Multiple  neuioflbmmas  and  schwTv 
nomas  «e  frequently  seen  with  neurufibrorTWtass  1 (NF1)  and 
NF2.  respectively.  Nei#t4ibromas  ca  n oca*  in  va  nous  soft  tisacs. 
Plextfurm  neurofibiomas  appear  as  curvilinear  and  multi- 
nodular lesions  involving  multiple  nerve  branches  and  have 
low  to  intermediate  signal  on  T1  Wl  and  intermediate, 
slightly  high  to  high  signal  on  T2WI  and  FS  T2WI  with  or 
without  bands  or  strands  of  low  signal,  lesions  usually  show 
Gd-contrast  enhancement. 

Benign  nerve  sheath  tumors  Include  schwannomas  and 
neuioflbromas.  Schwannomas  are  benign  encapsulated 
tumors  that  contain  differentiated  neoplastic  Schwann  cells. 
Neuiofibromas  contain  mixtures  of  Schwann  cells,  perineu- 
ral-like cells,  and  interlacing  fasddes  of  fibroblasts  associ- 
ated with  abundant  collagen.  Unlike  schwannomas, 
neuiofibromas  lade  Antoni  A and  B regions  and  cannot  be 
separated  pathoioglcallyfrom  the  underlying  nerve.  Can  be 
localised  lesions  or  occur  as  diffuse  or  piexjform  lesions. 
Multiple  neuiofibromas  are  typically  seen  with  NF1.  Multiple 
schwannomas  ane  typically  seen  with  NF2. 

Neurothekeoma 
(►  Fig.  12.16) 

Occur  as  dreumsaibed  lesions  with  low-intermediate  signal 
on  T1WI,  high  signal  on  12WI.  and  heterogeneous  Gd- 
contrast  enhancement. 

Neurothekeoma,  also  referred  to  as  nerve  sheath  myxoma,  Is 
considered  to  be  a neurofibroma  with  prominent  myxoid 
matiix  separated  into  lobules  by  fibrous  connective  tissue. 

Granular  tell  tumor 
(►  Fig.  12.17) 

Tumors  can  have  circumscribed  and/or  irregular  margins 
and  contain  low-intermediate  signal  on  T1  Wl  and  POWI  and 
slightly  high  to  high  signal  onT2WI  and  FS  T2WI.  Tumors  can 
also  have  low-intermediate  signal  on  17 Wl.  Tumors  can 
show  prominent  Gd-contrast  enhancement. 

Rare  benign  schwannian  neoplasms  that  contain  cells  with 
diffuse  granular  cytoplasm  and  are  immunoreactive  to  S-100 
but  not  to  HMB-45.  Tumors  are  often  located  In  the  demnls/ 
subcutis  and  occasionally  within  muscle.  Occur  more 
commonly  in  females  compared  with  males,  in  adults  over 
30  years  old. 

(continued  on  page  602) 


Fig.  12.12  A 43-year-old  man  with  intra- 
muscular nodullar  fasciitis  involving  the 
deltoid  muscle  at  the  left  shoulder.  The 
lesion  has  high  signal  on  sagittal  fat- 
suppressed  (FS)  T2-weighted  imaging  (a), 
which  Is  surrounded  by  a thin  rim  of  low 
signal  and  poorly  defined  zones  of  high 
signal  in  the  adjacent  soft  tissues.  The 
lesion  shows  prominent  Gd-contrast 
enhancement  on  sagittal  FS  Tl-weighted 
imaging  (b). 


a 


Fig.  12.13  A 17  year-old  girl  with  a schwannoma  (arrow)  In  the  posterior  soft  tissues  at  the  knee,  which  has  Intermediate  signal  on  sagittal  proton 
density-weighted  imaging  (a)  and  high  signal  on  sagittal  fat-supprroed  (FS)  T2-weighted  imaging  (b).  The  lesion  shows  heterogeneous  Gd-contiast 
enhancement  on  sagittal  FS  Tl-welghted  Imaging  (c). 
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Fig.  12.14  A 23-year-old  woman  with  neurofibromatosis  1 with  multiple  neurofibromas  in  the  soft  tissues  on  both  thighs,  which  have  high  signal  on 
coronal  (a)  and  axial  (b)  fat-suppressed  (F5)  T2-welghted  Imaging.  The  lesions  show  Gd-aontrast  enhancement  on  axial  FS  Tl-welghted  Imaging  (c). 


Fig.  12.15  A 7-year-old  male  wfth  neuro- 
fibromatosis 1 and  a large  plex/fbrm  neuro- 
fibroma involving  the  right  thigh,  lhe  tumor 
appears  as  curvilinear  and  multinodular  zones 
with  intermediate  signal  on  aoronal  T1- 
weighted  imaging  (a)r  and  heterogeneous 
high  signal  aoronal  fat-suppressed  T2- 
weighted  imaging  (b). 


Flg.12.16  A 3 8-year  old  man  with  a neuro- 
tbeteeoma  Involving  the  flexor  dlgltorvm 
superfkialis  muscle  of  the  proximal  forearm, 
lhe  lesion  (arrows)  has  high  signal  on  axial  12- 
weighted  Imaging  (a)  and  shows  moderate 
heterogeneous  Gd-contrast  enhancement  on 
sagittal  fat-suppressed  Tl-weighted 
Imaging  (b). 


a 


b 


Fig.  12.17  A 56year-old  woman  with  a gran- 
ular aell  tumor  Involving  the  subcutaneous  fat 
and  superfidal  portion  of  the  deltoid  muscle, 
lhe  tumor  (arrows)  has  irregular  maigins  and 
contains  low-intermediate  signal  on  sagittal 
proton  density -weighted  Imaging  (a).  The 
tumor  shows  prominent  Gd-aontrast 
enhancement  on  aoronal  fat-suppressed  Tl- 
welghted  Imaging  (b). 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumoHlke  lesions  Involving  the  soft  tissues  of  the  extremities 


Tlimor/tumor-llloe 

lesion 

MRI  findings 

Comments 

Traumatic  neuroma 
(►  Fig.  12.18) 

Traumatic  neuromas  can  appear  as  bulbous  lesions  at  die 
end  of  a transected  nerve  (terminal  neuroma)  or  as  fusiform 
swelling  of  an  intact  nerve  (spindle  neuroma).  Lesions 
often  have  lowintermediate  signal  onTIWI  intermediate 
signal  on  PDWI,  and  mildly  heterogeneous  intermediate  to 
high  signal  on  T2WI  and  F5  T2Wi 

Nonneoplastic  lesions  tiiat  result  from  complete  or  partial 
transection  of  nerves.  The  proximal  end  of  the  damaged 
or  transected  nerve  undergoes  a benign  proliferative  process 
that  can  be  painful.  Terminal  neuromas  are  traumatic 
neuromas  tiiat  result  from  transection  or  avulsion  of  nerves 
and  occur  1 to  12  months  after  injury.  Spindle  neuromas  are 
focal  swelling  of  intact  nerves  damaged  by  chronic  friction  or 
irritation. 

Morton  neuroma 
(►  Fig.  12.19) 

Lesions  located  In  the  neurovascular  bundle  within  the 
intermetatarcal  space  on  die  plantar  side  of  die  transverse 
metatarsal  ligament.  Appear  as  nodule  with  low-intermedi- 
ate signal  on  T1WI  and  POW)  that  Is  Isolntense  or  slightly 
hyperintense  relative  to  muscle.  Lesions  often  have  low  to 
intermediate  signal  on  72 Wl  tiiat  is  hypointense  or 

Isolntense  relative  to  fat.  Lesions  can  have  intennedlate. 
slightly  high,  or  high  signal  on  F5  T2WI.  lesions  can  show 
Gd-contrast  enhancement,  which  is  often  more  conspicuous 
wfth  fat-suppression. 

Nonneoplastic  lesions  that  result  fr  om  perineural  fibrosis  of  a 
plantar  digital  nerve  near  the  metatarsal  head. 

Lipoma  of  nerve  (fibro- 
lipomatosls  hamar- 
toma) 

(►  Fig.  12.20) 

Well-circumscribed  fusiform-shaped  lesions  involving 
nerves.  On  T1WI,  PDWI,  and  T2WI  a network  of  cylindrical, 
longitudinally  oriented,  tiiln,  curvilinear  signal  voids  1 to 

3 mm  in  diameter  is  seen  within  a background  of  interme- 
diate to  high  signal.  This  “coaxial  cable*  appearance  is 
secondary  to  die  combination  of  nerve  fasddes  with  varying 
degrees  of  fatty  infiltration,  and  epineural  and  perineural 
fibrosis.  The  degree  of  fatty  proliferation  varies  among 
patients.  Lesions  may  follow  die  branching  patterns  of 
nerves. 

Rare  benign  lesions  with  varying  degrees  of  fiibrous  and  fatty 
(mature  adipocytes)  infiltration  of  the  epineurium  (nerve 
sheath)  of  peripheral  nerves  as  well  as  within  tiie  Inter- 
fascicular connective  tissue  (perinerium)  of  nerves. 

(continued  on  poge  604) 


Fig.  12.18  A 33-year-old  woman  with  a trau- 
matic neuroma  involving  the  sciatic  nerve  in 
the  thigh  after  an  amputation  of  the  leg/ Hie 
lesion  (arrow)  has  bulbous-shaped  ends,  which 
have  low-intennediate  signal  on  sagittal  T1- 
welghted  Imaging  (a)  and  high  signal  on  axial 
fat-suppressed  T2-weighted  imaging  (F5 
T2WI)  (b).  A 35-year-old  woman  with  a 
traumatic  spindle  neuroma  posterior  to  the 
knee.  The  fusiform  lesion  (arrow)  has  hetero- 
geneous mostly  high  signal  on  coronal  (c)  and 
axial  (d)  F5  T2WI. 
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Rg.  12.19  Morton  neuroma  between  the  second  and  third  digibs  in  a 48-year-old  woman.  The  nodular  lesion  (arrows)  has  intermediate  signal  on 
coronal  proton  density-weighted  Imaging  (a)  and  Intennedlate  to  slightly  high  signal  on  aoronal  fat-suppressed  T2-welghted  Imaging  (b). 


Fig.  12.20  A 59-year-old  man  with  a fibrolipomatous  hamartoma 
Involving  die  median  nerve  at  the  wrist  (arrows).  Cylindrical 
longitudinally  oriented  thin  curvilinear  zones  of  low  signal  are  seen 
within  a background  of  intermediate  to  high  signal  on  aoronal  proton 
density-weighted  Imaging. 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumoHlke  lesions  Involving  the  soft  tissues  of  the  extremities 


Himor/tumor-IHoe 

lesion 

MRI  findings 

Comments 

Leiomyoma 
( Fig.  12.21) 

lesions  may  have  well  defined  or  irregular  maigins  and  have 
low-intermediate  signal  onTI  Wl  and  intennediateto  slightly 
high  or  high  signal  on  T2WI  and  FS  12WI.  Lesions  usually 
show  moderate  to  marked  Gd-contrast  enhancement, 

Benign  spindle  cell  tumors  composed  of  mature  smooth 
muscle  bundles.  Ninety-five  percent  of  leiomyomas  involve 
the  female  genltourlnaiy  tract,,  and  3%  occur  In  the  skin  with 
the  remainder  in  the  gastrointestinal  tract,  bladder,  and 
other  sikes.  Curtaneous  leiomyomas  (leiomyoma  cutis)  arise 
from  tire  pilar  arrector  muscles  of  the  skin  or  from  the 
network  of  muscle  fibers  In  the  deep  dermis.  Angioleio- 
myomas are  tumors  that  contain  mixtures  of  thick-walled 
vessels  and  smooth  musde  cells. 

Solitary  fibrous  tumor 
(SFT) 

(►  Fig.  12.22) 

SFfs  often  have  circumscribed  margins.  Often  have  low  to 
intermediate  signal  onTIWIand  ROW);  low,  intennediate, 
and/or  slightly  high  signal  on  17W1;  and  heterogeneous 
slightly  high  to  high  signal  on  FS  T2WI.  Usually  show  Gd- 
contrast  enhancement 

Rare,  benign,  spindle-cell  mesenchymal  neoplasms  that 
occur  in  a wide  range  of  anatomical  sites,  including  the 
extremities.  Tumors  typically  show  a hemanglopericytoma- 
like  branching  vascular  pattern  and  resemble  pleural  SFrs. 
Account  for  less  than  2%  of  soft  tissue  tumors.  Median 
patient  age  from  50  to  60  years. 

Desmoid  tumor/fiibno- 

matosis 

(►  Fig.  12.23; 

► Fig.  12.24) 

lesions  can  have  distinct  and/or  poorly  defined  maigins, 
homogeneous  or  heterogeneous  low-intermediate  signal  on 
T1WI.  and  variable  Intennedlate-high  signal  on  T7WI,  ± 
zones  of  low  signal.  Myxoid  zones  in  the  lesions  can  have 
high  signal  on  T2WI.  Tumors  with  high  oellularity  tend  to 
show  higher  signal  onT2WI  than  lesions  wfth  larger 
proportions  of  collagen.  Lesions  show  variable  degrees  and 
patterns  (heterogeneous  vs  homogenous)  of  Gd-contrast 
enhancement  Pattern  or  degree  of  Gd-contrast  enhance- 
ment by  desmoids  does  not  enable  prediction  of  rate  of 
tumor  recurrence. 

Desmoid  tumors  or  fibromatosis  represent  a group  of  soft 
tissue  lesions  composed  of  benign  fibrous  tissue  with 
elongated  or  spindleshaped  cells  adjacent  to  collagen, 
lesions  are  categorized  by  location  as  superficial  (palmar- 
Dupuytren  contracture,  plantar-Ledderhose  disease,  penile- 
Peyrunle  disease)  or  deep  (extra-abdominal,  abdominal,  or 
intra-abdominal).  Aggressive  fibromatosis  is  a type  that 
usually  occurs  in  the  deep  soft  tissues  and  consists  of 
proliferation  of  fibrous  tissue  that  Infiltrates  adjacent  tissues. 
Aggressive  fibromatosis  has  a greater  tendency  to  locally 
recur  after  surgery  compared  with  circumscribed  desmoid 
tumors.  Desmoid  tumors  can  occur  In  association  wfth 
Gaidner  syndrome  and  Turcot  syndrome. 

(continued  on  page  606) 


Fig.  12.21  A 60-yrcr-old  woman  with  a leiomyoma  in  the  dorsal  subcutaneous  fat  in  the  anlde  region.  The  circumscribed  lesion  (arrows)  has 
Intermediate  signal  on  sagittal  Tl-welghted  Imaging  (T1WI)  (a)  and  high  signal  on  sagittal  fat-suppressed  (FS)  T 2- weighted  Imaging  (b).  The  lesion 
shows  prominent  Gd-contrast  enhancement  on  axial  FS  T1WI  (c). 
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Rg. 12.22  An  81-year-old  man  with  a solitary 
fibrous  tumor  involving  tile  gluteus  minimus 
muscle.  The  lesion  (arrow)  has  circumscribed 
margins;  high  signal  on  axial  fat-suppressed 
(F5)  T2 -weighted  imaging  (a),  and  shows  Cd- 
aonftrast  enhancement  on  axial  F5  T1- weighted 
Imaging  (b). 


a 


Fig.  12.23  A42-yoar-old  woman  with  a desmoid  tumor  involving  the  soft  tissues  at  the  shoulder,  lhe  lesion  (arrows)  has  intennediabe  attenuation  on 
axial  aomputed  tomographic  (a)  and  slightly  high  signal  on  axial  fat-suppressed  (FS)  12-welghted  Imaging  (b).  The  lesion  shows  Gd-aontrast 
enhancement  on  axial  FS  Tl-weighted  imaging  (c). 


Fig.  12.24  A 32-yaar-old  man  with  aggressive  fibromatosis  Involving  the  soft  tissues  In  the  right  axilla.  Magnetic  resonance  Imaging  shows  a lobulated 
lesion  with  indistinct  maigins.  which  has  intermediate  signal  with  small  low  signal  zones  on  axial  T1  -weighted  Imaging  (T1W1)  (a),  and  slightly  high  and 
high  signal  on  axial  fat-suppressed  (F5)  T2-weighted  imaging  (b).  Fob  and  thin  curvilinear  zones  of  low  signal  are  also  seen,  lhe  lesion  shows 
prominent  heterogeneous  Gd-aontrast  enhancement  on  axial  FS  T1  Wl  (c). 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumorlike  lesions  Involving  the  soft  tissues  of  the  extremities 


Tlimor/tumor-llloe 

lesion 

MRI  findings 

Comments 

Myxoma 
(►  Fig.  12.25) 

lesions  usually  have  low  or  lowintemiediate  signal  onTI  Wl 
and  PDWI;  and  high  signal  on  T2WI  and  FS  T2WI.  Myxomas 
can  have  heteiogeneous  mild  or  moderate  degrees  of 
enhancement  in  noncysdc  portions. 

Benign  lesions  tiiat  contain  fiibrobllasts  (spindle  cells)  and 
abundant  mucoid  material  (glycosaminogltycans,  other 
mucopolysaccharides).  Account  for  3%  of  benign  soft  tissue 
tumors/ lesions  and  2%  of  all  soft  tissue  tumors/lesions. 

Occur  in  adults  age  24  to  74  years,  average-52  years. 

Ganglion  cyst 
(►  Fig.  12,26) 

Ganglia  are  sharply  defined  lesions  with  low  signal  on  T1  Wl, 
low-intermediate  signal  on  PDWI,  and  homogeneous  high 
signal  on  T7WI.  Some  ganglia  may  have  Intermediate  signal 
on  T1WI  secondary  to  elevated  proteinaceous  or  fibrous 
content  Low  signal  septa  on  T2WI  can  be  seen.  Peripheral 
rimlike  Gd-contrast  enhancement  can  be  seen  as  well  as 
complete  lade  of  enhancement, 

Ganglia  are  juxte-articular  benign  myxoid  lesions  that  arise 
from  degeneration  of  periarticular  connective  tissue,  prior 
trauma,  or  prior  Inf  llammatlon.  Ganglia  may  be  derived  from 
tendons,  tendon  sheaths,  joint  capsules,  bursae,  or  liga- 
ments. 

(continued  on  poge  6 08) 

Fig.  12.25  A 77-year-old  man  with  an  Intramuscular  myxoma  Involving  die  extensor  carpi  radlalls  longus  aid  brevis  muscles  of  die  proximal  foreaim. 
The  lesion  has  high  signal  on  axial  fat-suppressed  (FS)  1 "2 -weighted  Imaging  (a)  and  shows  mild  liregular  Gd-contrast  enhancement  on  axial  FS  T1- 
weighted  imaging  (arrow)  (b). 
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Fig.  12.36  Periosteal  ganglion  along  the  posterolateral  proximal  tibia 
of  a 30-yearold  man.  The  lesion  has  sharply  defined  margins  and  has 
high  signal  on  sagittal  fat-suppressed  T2-weighfced  imaging.  The  lesion 
causes  erosion  and  concave  deformity  of  the  tlblal  cortex. 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumorllke  lesions  Involving  the  soft  tissues  of  the  extremities 


Tlimor/tumor-llke 

lesion 


MR!  findings 


Comments 


Hematoma/secoma 
(►  Fig.  12.27; 

► Rg.  12.28) 


Acute  hematomas  (<3  to  7 days)  have  mostly  intermediate 
signal  similar  to  muscle  on  T1WI;  and  mixed  low-interme- 
diate and/or  high  signal  relative  to  muscle  on  PDWI,  12WI, 
and  FS  T2WI.  Poorly  defined  zones  of  high  signal  on  PDWI, 
T2WI,  and  FS  T2WI  may  also  be  seen  peripheral  to  die 
hematoma,  representing  adjacent  edema. 

Subacute  hematomas  (1  week  to  3 months)  have  high  and/ 
or  intermediate  signal  on  T1WI,  and  high  signal  on  FS  T1WI, 
PDWI,  T2WI,  and  FS  12  Wl.  Peripheral  and  central  zones  of 
lowslgnal  on  PDWI,T2WI,  and  FS  T2WI  can  be  seen  In  mid 
to  late  subacute  hematomas  secondary  to  die  presence  of 
hemosiderin  from  brealdown  of  blood  sells  and  oxidation/ 
metabolism  of  hemoglobin.  Mild  peripheral  Gd-aond  ast  can 
be  seen. 

Chronic  hematomas  (>3  months)  usually  have  high  signal  on 
T1WI,  PDWI,  T7W1,  and  FS  T2WI.  A thick  peripheral  rim  of 
low  signal  on  T2WI  from  hemosiderin  is  often  seen  with 
chronic  hematomas.  Chronic  hematomas  often  evolve 
eventuality  Into  zones  with  low-intermediate  signal  on  T1WI 
and  T2WI  secondaiy  to  fibrosis  and  residual  hemosiderin. 


Flevnatomas  are  extravascular  collections  of  red  and  white 
blood  tells,  which  can  result  from  trauma,  surgery, 
coagulopathy  (hemophilia,  thrombocytopenia,  medications/ 
Coumadln/heparln,  and  sepsis).  An  acute  hematoma  Is 
defined  as  one  less  than  a few  days  in  age.  A subacute 
hematoma  has  a duration  of  1 week  to  3 months,  and 
dironic  hematomas  are  older  than  3 months.  One  form  of 
chronic  hematoma  is  the  Morel-Lavallle  lesion,  which  refers 
to  an  encapsulated  lesion  In  the  subcutaneous  fat  containing 
proteinaceous  fluid  from  episodes  of  rebleeding  caused  by 
traumatic  separaration  of  the  subcutaneous  fibrofatty  tissue 
from  adjacent  vascularized  fascia.  Flemophiiic  pseudotumors 
are  chronic,  slow-growing,  encapsulated  cystic  lesions  In 
bone  or  soft  tissues  secondary  to  recurrent  hemonhage  that 
occur  in  1 to  2%  of  patients  with  hemophilia. 


(contin  oed  on  page  6 10) 
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Fig. 12. 27  Subacute  intramuscular  hematoma  involving  the  semitendinosus  musde  in  the  upper  thigh.  The  hematoma  has  heterogeneous  slightly 
high.  Intermediate,  and  low  signal  on  axial  proton  denslty^welghted  Imaging  (a)  and  heterogeneous  high,  slightly  high,  and  low  signal  on  axfal  fat- 
suppressed  12-welghted  imaging  (FS  T2WI)  (b).  A 14-year-old  girl  wfth  a subacute  hematoma  (arrows)  In  the  subcutaneous  fat  of  the  medial  leg, 
which  has  mostly  intermediate  signal  and  irregular  zones  of  high  signal  on  axial  Tl-weighted  imaging  (T1WI)  (c)and  heterogeneous  high  and  slightly 
high  signal  on  axial  FST2WI  (d).  The  hematoma  has  intennedlate  signal  centrally  and  shows  inegular  peripheral  zones  of  Gd-contrast  enhancement  on 
axial  FST1WI  (e). 
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Fig.  12.28  A 32-year-old  woman  with  a 
chronic  hematoma  in  the  subcutaneous  fat 
posterior  to  die  sacrum,  also  referred  to  as  a 
Morel-Lavallle  lesion.  Ihe  hematoma  has 
intermediate  signal  on  axial  proton  density- 
weighted  Imaging  (a),  which  is  slightly  hyper- 
intense  to  muscle,  and  heterogeneous  mostly 
high  signal  on  axial  fat-suppressed  72- 
weighbed  imaging  (PS  T7WI)  (b).  Ihe  hema- 
toma aontalns  debris  and  Is  surrounded  by  a 
rim  of  low  signal.  A 71 -year-old  woman  with  a 
chronic  hematoma  in  the  subcutaneous  fat  of 
the  upper  thigh  {Morei  lavall£e  lesion),  which 
has  Intermediate  signal  on  coronal  T1- 
weighted  imaging  (c)  and  heterogeneous 
mostly  high  signal  on  axial  FS  T2WI  (d).  The 
hematoma  aontalns  debris  and  a fluid  fluid 
level  and  is  surrounded  by  a rim  of  low  signal. 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumor-like  lesions  Involving  the  soft  tissues  of  the  extremities 


nimor/tumor-Moe 

lesion 


MR!  findings 


Comments 


Heterotopic  ossification 
(►  Fig.  12.29) 


MRI  features  vary  departing  on  the  age,  location,  and 
degree  of  mineraiization/ossification.  lesions  less  than 
2 weeks  have  localised  mass  effect  with  poorly  defined 
margins,  heterogeneous  low-intermediate  or  slightly 
high  signal  on  T1  Wl,  and  heterogeneous  slightly  high  to  high 
signal  on  T2WI  and  FS  T2WI.  Poorly  defined  zones  of 
high  signal  on  72 Wl  may  be  seen  In  tiie  adjacent  soft  tissues. 
After  2 weeks,  curvilinear  and/or  amorphous  zones  of  low 
signal  on  T2WI  and  FS  T2WI  can  be  seen  at  tiie  peripheral 
portions  of  the  subacute  lesions  resulting  from  mineraliza- 
tion/ossification.  Subsequent  progressive  centripetal  miner- 
allzation/ossfflcation  appears  as  Irregular  zones  of  low  signal 
on  72WI  with  heteiogeneous  Gd-contrast  enhancement 
Old  lesions  have  well-defined  margins,  and  variable  low 
signal  onTIWI,  POWI,  and  T2WI  depending  on  the  degree  of 
mlnerallzation/osslflcation,  fibrosis,  and  hemosiderin  depo- 
sition. Zones  of  high  signal  on  T1WI  and  T2WI  may  occur 
from  fatty  marrow  metaplasia.  Gd-contrast  enhancement  in 
old  mature  lesions  Is  often  minimal  or  absent, 


Heterotupic  ossification  or  myositis  ossificans  are  nonneo- 
plastic reparative  extraosseous  lesions  that  are  composed  of 
reactive  hypencellular  fibrous  tissue,  cartilage,  and/or  bone. 
These  lesions  can  arise  secondary  to  trauma  (myositis 
ossificans  circumscripta,  ossifying  hematoma),  although 
they  may  also  occur  without  a history  of  prior  Injuiy 
(pseudomallgnant  osseous  tumor  of  tiie  soft  tissues). 


Tumoral  aldnosis 
(►  Fig.  12.30) 


Radiographs  and  computed  tomography  show  lobular  and/ 
or  multiloculated  opacities,  which  may  contain  radlolucent 
strands  secondaiy  to  fibrous  septate  and  calcium  fluid  levels. 
Erosion  of  bone  adjacent  to  the  tumoral  calcinosis  can  occur. 
Lesions  have  variable  signal  on  MRI  with  mixed  low  and 
Intermediate  signal  on  T1WI,  and  mixed  low,  Intermediate, 
and/or  high  signal  on  T2WI.  Gd-contrast  may  occur  In  septae 
or  surrounding  the  lesions  secondary  to  Inflammatory 
reaction. 


Rare  metabolic  disorder  related  to  abnormal  phosphate 
metabolism  with  elevated  levels  of  1,25-dlhydro)(yvRdmln  D 
resulting  in  hyperphosphatemia  wftii  precipitation  of  calcium 
salts  In  juxta-articular  soft  tissues.  Common  locations 
Include  the  soft  tissues  near  bursae  at  tiie  hips,  shoulders, 
elbows,  buttocks,  and  scapula.  Can  be  hereditary  in  up  to 
33%  as  autosomal  dominant  with  variable  penetrance, 
lesions  consist  of  deposits  of  Hydroxyapatite  with  or  without 
fibrous  septae,  macraphages  and  chronic  inflammatoiy  cells, 
and  multinudeated  giant  cells. 


(continued  on  page  612) 


Fig.  12.29  A 1 9-year-old  man  with  myositis  ossificans  Involving  the  triceps  brachli  muscle  of  tiie  upper  arm,  which  has  heterogeneous  high  signal  on 
axial  fat-supprecaed  (FS)  T2-welghted  imaging  (a).  The  lesion  shows  prominent  slightly  heterogeneous  Gd-contrast  enhancement  on  axial  FST1- 
weighted  imaging  (b).  Pooriy  defined  zones  of  Gd-contrast  enhancement  are  also  seen  In  tiie  soft  tissues  adjacent  to  tiie  nodular  mass-like  poition  of 
tiie  lesion.  A radiograph  (c)  obtained  10  days  after  the  magnetic  resonance  imaging  examination  shows  predominantly  peripheral  mineralization  at 
tiie  lesion  (arrows). 
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Flg.12  JO  Oblique  coronal  (a)  and  axial  (b) 
computed  tomographic  images  show  amor- 
phous opadties  In  die  soft  tissues  at  the 
shoulder  and  axillary  region  from  tumoral 
calcinosis  in  a 76-year-old  man,  A 34-year-old 
man  (c,d)  with  tumoral  calcinosis  adjaoent  to 
the  hip. 
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Table  12,1  (Cont.)  Nonmallgnant  tumors  and  tumor  like  lesions  Involving  the  soft  tissues  of  the  extremities 


flimor/tumor-Moe 

lesion 

MRI  findings 

Comments 

Giant  cell  tumor  of  the 
tendon  sheath  (nodular 
synovitis) 

(►  Fig.  12.31) 

lesions  usually  have  well-defined  margins  and  are  often 
adjacent  to  a tendon/tendon  sheatii.  Lesions  have  low- 
intermediate  or  Intermediate  signal  onTIWI  and  PDWIr  and 
mixed  low,  Intermediate,  and/or  high  signal  onT2WI  and  FS 
12WI.  Zones  of  low  signal  onT2WI  often  eorrespond  to  sites 
of  hemosiderin  deposition.  Lesions  often  show  Gd-aorrtrast 
enhancement  In  either  a homogeneous  or  a heterogeneous 
pattern. 

Giant  cell  tumors  of  die  tendon  sheatii  and  pigmented 
villonodular  synovitis  represent  benign  proliferative  lesions 
of  synovfum  (tendon  sheaths,  Joints,  and  bursae).  Giant  cell 
tumors  of  the  tendon  sheaths  can  oacur  as  localized  nodular 
lesions  attached  to  tendon  sheaths  outside  of  joints  (hands, 
feet)  or  wltiiln  Joints  (Unfra  patellar  portion  of  knee  Joint),  or 
as  a diffuse  form  near/outside  of  large  Joints  such  as  the 
knees  and  anldes. 

Fibroma  of  die  tendon 
sheatii 

(►Fig.  12.32) 

Lesions  are  ovoid  or  fusiform  and  well  circumscribed,  and 
are  located  adjacent  to  tendons  of  die  fingers,  hands,  wrists, 
feet,  and  otiier  locations,  lesions  usually  have  low- 
intermediate  signal  on  T1WI.  On  T2Wi,  lesions  can  have  a 
slightly  heterogeneous  low-intermediate  signal  in  half, 
intermediate  signal  in  a third,  or  mixed  low  and  intermediate 
signal  and/or  high  signal  In  the  remainder,  lesions  can  show 
diffuse  or  peripheral  Gd-aorrtrast  enhancement, 

Fibromas  of  die  tendon  sheatii  are  benign,  small  fibrous 
nodules  involving  tendons  and  tendon  sheaths  of  the 
fingers,  hands,  wrists,  or  feet 

Xantiioma 
(►  Fig.  12.33) 

Xanthomas  In  tendons  often  appear  as  zones  of  f uslfoim- 
enlargement  with  diffuse  heterogeneous  signal.  Xantiiomas 
usually  aontain  multiple  longitudinally  oriented  linear  zones 
or  strladons  with  Intermediate  signal  on  T1WI  and  PDWI, 
and  Intermediate  to  slightly  high  signal  onT2WI  and  F5T2WI 
interspersed  among  bands  of  low  signal  within  die  enlarged 
tendons.  On  axial  images,  xantiiomas  often  have  a stippled 
or  reticulated  pattern  on  T1WI  and  T2WI  resulting  from 
collagen  bundles  with  low  signal  surrounded  by  higher  signal 
from  lipid  deposits,  foamy  histiocytes,  and  inflammatory 
reaction. 

Xantiiomas  are  localized  accumulations  of  lipids  within 
normal  stnictnres  such  as  tendons,  skin,  and  bone. 
Considered  reactive  lesions  and  are  not  true  neoplasms. 
Often  occur  in  tiie  setting  of  types  1,  II,  and  III  hyper- 
lipoproteinemia. 

(continued  on  page  614) 


Fig.  12.31  A 28-year-old  man  with  a giant  cell  tumor  of  die  tendon 
sheath  Involving  a finger.  An  ovoid  lesion  with  well-defined  maiglns  is 
seen  adjaeent  to  a flexor  tendon  sheath  and  middle  phalanx  (arrow).  The 
lesion  has  low-intermediate  signal  on  coronal  Unweighted  imaging  (a), 
(continued) 
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Rg.12.31  (continued)  The  lesion  has  low-intermediate  signal  on  axial  Tl-welghted  Imaging  (b).and  mined  low,  Intermediate,  and  and  slightly  high 
signal  on  axial  fat-suppressed  T2 -weighted  imaging  (c). 


Rg.  12.32  A 63-yaar-old  woman  with  a fibroma  Involving  an  extensor  tendon  sheath  in  the  foot  The  lesion  has  a fusiform  shape  with  well- 
clrcumsoibed  margins  (arrows)  and  has  aones  of  low  and  Intermediate  signal  on  sagittal  Tl-welghted  Imaging  (a)  as  well  as  on  axial  fat-suppressed 
Unweighted  imaging  (b). 


Rg.  12.33  Xanthoma  involving  the  Achilles  tendon  in  a 33  year-old  woman  with  hypercholesterolemia.  Fusiform  enlaigement  of  die  tendon  is  seen 
(arrow),  within  which  low  signal  tendon  fibers  are  separated  by  amorphous  zones  with  intermediate  to  slightly  high  signal  on  sagittal  T2-welgfited 
imaging  (TZWI)  (a),  and  Intermediate  signal  on  axial  Tl-welghted  Imaging  (b)  and  axial  fat-suppressed  T2WI  (c). 


613 


Lesions  Involving  the  Soft  Tissues 


Table  12.1  (Cont)  Nonmallgnant  tumors  and  tumor-llke  lesions  Involving  the  soft  tissues  of  the  extremities 


Tlimorftumor-llloe 

lesion 

MRI  findings 

Comments 

Amyloid 
(►  Fig.  12.34) 

lesions  in  soft  tissue  can  have  low-intermediate  signal  on 
T1WI,  and  intenriediate  to  slightly  high  signal  onT2WI. 
lesions  can  show  Gd-conti  ast  enhancement 

Uncommon  disease  in  which  various  tissues  (induding  bone, 
muscle,  tendons,  tendon  sheaths,  ligaments,  and  synovium) 
are  Infiltrated  with  extracellular  eosinophilic  material  com- 
posed of  insoluble  proteins  with  beta-pleated  sheet  config- 
urations (amyloid  protein).  Amyloidomas  are  single  s ties  of 
Involvement  Amyloidosis  can  be  a prlmaiy  dlsoider  associ- 
ated wftii  an  Immunologic  dysaasla  or  secondary  to  a 
chronic  inflammatory  disease. 

Epidermoid 
( Fig.  12.35) 

Epidermoids  are  circumscribed  lesions  with  or  without 
lobulated  margins,  and  usually  have  low  signal  or  low- 
intenriediate  signal  onTI  Wl,  and  high  signal  onT2Wl  and  F5 
T2WI  that  may  approximate  cerebrospinal  flluld.  lesions 
occasionally  contain  fob  of  high  signal  onTIWI.  Epidermoi  ds 
may  show  minimal  peripheral  Gd-contrast  enhancement, 
but  no  enhancement  Is  typically  seen  centrally. 

Epidermoids  are  ectoderm-lined  Induslon  cysts  that  contain 
only  squamous  epithelium  and  keratin  debris.  Epidermoids 
often  slowly  enlaige  but  are  not  considered  to  be  neoplasms. 

Elastofibroma 
(►  Fig.  12.36) 

lesions  often  range  from  5 ho  10  cm  and  frequently  have  a 
lenticular  shape  with  or  without  well-defined  margins.  On 

T1  Wl  and  T2WI,  lesions  often  have  mostly  Intermediate 
signal  that  is  isointense  to  muscle,  as  well  as  variable 
amounts  of  high  signal  from  Intraleslonal  fatty  deposits. 
After  Gd-contrast  administration,  lesion  usuallly  shows 
variable  degrees  of  enhancement  often  in  a heterogeneous 
pattern. 

Benign,  slow-growing,  fibroblastic,  tumor-like  lesions  that 
contain  large  amounts  of  enlarged  coarse  elastic  fibers. 
Typically  occur  In  patients  over  age  50  and  most  are  located 
between  the  lower  scapula  and  chest  wall.  Considered 
fibroblastic  pseudotumors  that  result  from  repetitive  trauma 
or  friction  between  the  lower  scapula  and  adjacent  diest 
wall,  or  result  from  focal  abnormal  elstogenesis.  Account 
for  03%  of  benign  soft  tissue  tumors.  Typically  asympto- 
matic. Age  ranges  from  48  to  74  years,  mcan-61  years, 
median =70  years.  Peak  occurrence  is  in  the  seventh  and 
eighth  decades. 

Aneurysm 
(►  Fig.  12.37) 

Saccular  aneurysms  are  focal  well-drcumscnbed  structures 
contiguous  with  arteries.  Signal  voids  are  usually  seen  where 
there  Is  fast  blood  flow  In  nonthrombosed  portions  of  the 
aneurysms.  Variable  mined  signal  on  T1  Wl  and  TZWi  can  be 
seen  in  thrombosed  portions  of  the  aneurysms. 

Aneurysms  are  focal  or  diFfuse  zones  of  arterial  dilatation 
that  are  associated  with  wall  abnormalities  and  increasd  risk 
of  rupture.  Focal  aneurysms  are  also  referred  to  as  saccular 
aneurysms,  which  typically  occur  at  arterial  branch  points. 
Giant  aneurysms  are  saccular  aneurysms  that  measure  more 
than  2.5  an  in  diameter. 

(continued  on  poge  616 ) 


Fig.  12.34  A 55year-olld  woman  with  amyloid 
in  die  subcutaneous  fat  (arrow)  and  within  the 
lateral  gastrocnemius  muscle.  The  lesions  have 
slightly  irregular  margins  and  have  high  signal 
on  axial  fat-suppressed  (FS)  72-weighted 
Imaging  (a)  and  show  Gd-contrast  enhance- 
ment on  axial  FS  Tl-weighted  Imaging  (b). 
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Fig.  12.35  A47-yoar-o4d  man  with  an  epidermoid  involving  tile  posterior  soft  tissues  at  the  knee.  The  lesion  has  intermediate  signal  on  sagittal  proton 
density- weighted  Imaging  (a)  and  high  signal  on  sagittal  fat-suppressed  (FS)  T2-weighted  Imaging  (b).  The  lesion  (arrow)  shows  no  Gd-oontrast 
enhancement  on  axial  FS  Tl-weighted  imaging  (c). 


Rg.  12.36  Oastoflbrama  located  between  the  lower  scapula  and  chest  wall  In  a 68-year-old  woman.  Coronal  (a)  and  axial  (b)  T1- weighted  Imaging 
(T1WI)  shows  a lens-shaped  lesion  that  has  mixed  intermediate  and  high  signal  (arrows).  Ihe  high  signal  results  from  fat  components  within  the  lesion. 
The  lesion  (arrows)  shows  a heterogeneous  pattern  of  Gd-contrast  enhancement  on  axial  fat-suppressed  T1WI  (c). 


Fig.  12.37  A large  aneuiysm  of  the  ulnar 
artery  b seen  (arrow),  which  has  a flow 
void  on  axial  Tl-weighted  imaging  (a) 
representing  a patent  channel  that  b 
adjacent  to  thrombus,  which  has  Inter- 
mediate signal.  Ihe  aneurysm  is  seen  on 
three-dimensional  time  of  flight  magnetic 
resonance  angiography  (b). 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumor-llke  lesions  Involving  the  soft  tissues  of  the  extremities 


Ttimor/tumor-Hloe 

lesion 

MRI  findings 

Comments 

Hypothenar  hammer 
syndrome 
( Fig.  12.38) 

Ihrombosis  of  die  distal  ulnar  artery  can  be  seen  as  a lade  of 
intraluminal  signal  void.  The  thrombosed  vessel  can  have 
Intermediate  to  high  signal  on  T1WI,  and  heterogeneous 
high  signal  on  FS 12WI. 

Thrombosis  of  the  superficial  branch  of  the  distal  ulnar 
artay  can  occur  from  trauma  as  it  travels  along  the 
hypothenar  muscles  after  exiting  from  the  Guyon  canal. 
Emboli  into  the  superficial  palmar  arch  can  result  in 
symptoms. 

Abscess/myosltls 
(►fig.  12.39) 

Deep  Infections  and  myositis  typically  show  poorly  defined 
zones  of  decreased  signal  on  T1WI.  and  slightly  high  to  high 
signal  on  T2WI  and  FS  T2WI  with  corresponding  Gd-eontrast 
enhancement  Progression  to  abscess  formation  occurs  with 
circumscribed  zones  that  have  low  signal  onTIWI  and  high 
signal  on  T2WI  (with  or  without  an  air-fluid  level)  that  is 
surrounded  by  a rim  of  law  signal  on  T2WI.  Rlmllke  Gd- 
contrast  enhancement  is  usually  seen.  Peripherally,  a poorly 
defined  zone  of  high  signal  may  be  seen  secondary  to 
edema  and/or  inflammation. 

infection  of  musdes  (myositis)  and  deep  soft  tissues  from 
bacteria,  fungi,  or  mycobacteria  can  eventuality  progress  to 
liquefaction  with  necrosis  (abseess  formation)  enclosed  by  a 
pseudocapsule  surrounded  by  zones  of  edema  and  Inflam- 
matory reaction. 

Cat  scratch  disuse 
(►  Rg.  12.40) 

Single  or  multiple  enlaiged  lymph  nodes  are  often  seen,  as 
well  as  localized  granulomatous  lesions.  Lesions  often  occur 
in  the  epltrochlear  and  axillary  regions  and  have  low- 
intermediate  signal  on  T1WI  and  intermediate  to  high  signal 
onT2Wi.  Lesions  can  have  Irregular  margins  with  peripheral 
edematous  changes,  lesions  can  show  Gd-contrast 
enhancement. 

Infection  by  the  gram-negative  bacillus  BartoneHo  henselae 
can  result  in  self-limited  regional  adenitis.  This  infection 
usually  occurs  In  patients  lex  Ilian  30  years  of  age  and  Is 
often  related  to  contact  with  cats. 

Parasitic  infection 
( Rg.  1241) 

Parasitic  Infections  can  vaiy  from  cystic-appearing  lesions  to 
poorly  maiginated  orcircumscnbed  solid  lesions  depending 
on  the  infectious  organism  and  stage  of  its  life  cyde. 

Parasitic  Infections  can  occur  In  soft  tissues  In  endemic 
regions  or  in  immunocompromised  patients. 

Fig.  12.38  Hypothenar  hammer  injury  in  a 46-year-old  man  resulting  in  thrombosis  of  the  ulnar  artery.  Arteriogram  (a)  shows  occlusion  of  the  ulnar 
artery  and  potency  of  the  radial  artery.  The  occluded  ulnar  artery  (arrows)  aontalns  Intennedlate  and  high  signal  on  coronal  T1 -weighted  Imaging  (b) 
and  heterogeneous  mostly  high  signal  on  coronal  fat-suppressed  T2-welghted  Imaging  (c). 


a 


b 


Fig.  12.39  A 1 5-ycar-old  male  with  myositis 
and  abscess  Involving  die  anterior  thigh 
musdes  as  seen  as  a poorly  defined  zone  with 
slightly  high  to  high  signal  surrounding  a 
circumscribed  central  zone(absaess)  with  high 
signal  on  axial  T2-weighted  imaging  (a). 
Irregular  peripheral  Gd-contrast  enhancement 
Is  seen  In  the  soft  tissues  surrounding  die 
abscess  on  axial  fat-suppressed  T1 -weighted 
imaging  (b). 
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Fig.  12.40  A 45-year-old  man  with  cat  scratch 
disease  with  a granuloma  involving  a lymph 
node  In  die  distal  ann.  The  nodular  lesion  has 
slightly  high  to  high  signal  on  axial  fat- 
suppresed  (FS)  T2-weighted  imaging  (a)  and 
shows  Gd-contrast  enhancement  on  axial  FS 
Tl-welghted  Imaging  (b).  Irregular  linear 
zones  of  inflammatory  reaction  are  seen  in  the 
soft  tissues  peripheral  to  the  nodular  lesion. 


Fig.  12.41  A 34-year-old  woman  with  Intramuscular  Infection  from 
cystereereasis  indie  forearm.  A curvilinear  zone  with  low  signal 
representing  the  senescent  parasite  is  surrounded  by  an  abseess  and 
solid  Inflammatory  reaction  wltii  sllghdy  high  signal  and  high  signal  on 
axial  12-weighted  imaging  (arrow). 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumoHlke  lesions  Involving  the  soft  tissues  of  the  extremities 


Thmor/tumor-lllce 

lesion 

MRI  findings 

Comments 

Sareoid 
(►  Fig.  12.42) 

Sareoid  granulomas  can  also  occur  in  subcutaneous  fat  and 
may  be  associated  with  superficial  adenopathy,  lesions  are 
often  nodular  with  low  to  Intermediate  signal  on  T1WI  and 
intermediate  to  high  signal  on12WI.  Lesions  usually  show 
Gd-contrast  enhancement  Sareoid  can  also  involve  muscles 
as  discrete  lesions. 

0 ironic  systemic  granulomatous  disease  of  unknown  etiol- 
ogy in  which  noncaseating  granulomas  oacur  in  various 
tissues  and  organs.  Common  sites  of  Involvement  Include 
the  lungs,  lymph  nodes,  liver,  spleen,  skin,  and  eyes. 

Giant  cel  reaction  to 
foreign  body 

lesions  usually  oecur  in  soft  tissue  and  often  have  low- 
intermediate  signal  onTIWIand  low.  Intermediate,  and/or 
high  signal  on  T2WI.  Lesions  can  show  Gd-eontrast 
enhaneement  Sites  of  bone  erosion  or  destruction  may  be 
seen,  particularly  with  penetrating  trauma.  The  MRI  signal  of 
the  foreign  body  varies  based  on  Its  composition. 

Reactive  granulomatous  lesions  can  form  ad jacent  to  foreign 
bodies  and  may  simulate  neoplasm. 

Granuloma  annulare 
(►  Fig.  12.43) 

Poorly  defined  subcutaneous  lesion  with  intennediate  signal 
onTIWI*  heterogeneous  Intermediate  to  slightly  high  signal 
on  T2WL  and  high  signal  on  FS  T2WI.  Usually  shows  Gd- 
eontrast  enhancement 

Benign  inflammatory  disoider  that  can  involve  the  epider- 
mis, dermis,  and  subcutaneous  fat.  Often  oeains  In  children 
and  young  adults.  Lesions  can  occur  as  localized,  general- 
ized, or  subcutaneous  forms.  The  localized  type  can  appear 
as  one  or  more  lesions.  The  generalized  type  has  a sJllghtlfy 
wider  distribution  than  the  localized  type.  The  subcutaneous 
type  often  affects  children  between  2 and  5 years. 

(continued  on  poge  620) 


Fig.  12.42  A 49y  ear-old  woman  with  sarcoid 
granulomas  in  the  subcutaneous  fat  and  within 
die  bleeps  brachn  muscle  at  the  distal  arm.  The 
Intramuscular  lesions  have  sllghtlly  irregular 
margins  and  have  high  signal  on  axial  fat- 
suppressed  T2-welghted  Imaging. 
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Rg.12.43  An  Irregularly  maiginated 
subcutaneous  lesion  (granuloma  annu- 
lare) (arrows)  Is  seen*  which  has  Inter- 
mediate signal  on  sagittal  (a)  and  axial 

(b)  Tl-weighted  imaging  (T1WI)  and 
slightly  high  to  high  signal  on  axial  fat- 
suppressed  (FS)  T2-we1ghted  Imaging 

(c) .  The  lesion  shows  Cd-«ontrast 
enhancement  on  axial  FS  T1WI  (d). 
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Table  12.1  (Cont.)  Nonmallgnant  tumors  and  tumorlike  lesions  Involving  the  soft  tissues  of  the  extremities 


flimor/tumor-Moe 

lesion 

MRI  findings 

Comments 

Gout 

( Fig.  12.44) 

Tophi  have  variable  sizes  and  shapes  and  have  low- 
intennediate  signal  on  T1WI,  FS  T2WI,  and  T7W1.  Zones  of 
high  signal  on  12WI  can  also  be  seen  in  tophi.  Erosions  of 
bone,  synovial  pannus,  joint  effusion,  bone  marrow  and  soft 
tissue  edema  can  be  seen  with  MRI.  Tophi  may  show 
heterogeneous,  diffuse,  or  peripheral/ marginal  Gd-contrast 
enhancement  patterns. 

Gout  is  an  inflammatory  disease  involving  synovium  result- 
ing from  deposition  of  monosodium  urate  crystals  and 
occurs  when  the  serum  urate  level  exceeds  its  solubility  In 
various  tissues  and  body  fluid. 

Rheumatoid  arthritis 
(►  Fig.  12.45) 

MRI  can  show  diffuse  and/or  localized  zones  of  synovial 
hypertrophy;  soft  tissue  swelling;  zones  of  erosion  and/or 
desbuction  of  hyaline  cartilage,  meniscal  damage,  sub- 
chondral bone,  tendons,  ligament;  bursal  fluid  collections 
containing  ‘rice  bodies,"  other  extra-articular  cysts;  Intr  a- 
osseous cystic  like  areas,  joint  effusion,  and  rheumatoid 
nodules.  With  tendon  and  ligament  involvement,  abnormal 
Increased  signal  Is  seen  on  PDWI  and  T2WI.  Tendons  and 
ligaments  may  be  thickened  from  partial  tearing  or  thinned. 
Tenosynovitis  is  usually  seen  with  fluid  and  hypertrophied 
synovium  within  tendon  sheaths. 

Chronic  multisystem  disease  of  unknown  etiology  In  which 
there  Is  a persistent  Inflammably  synovitis  that  typically 
involves  peripheral  joints  In  a symmetric  disbibution.  Ihe 
inflammatory  synovitis  can  result  in  progressive  destruction 
of  cartilage  and  bone  leading  to  joint  dysfunction. 

Dermatomyosids 
( Fig.  12.46) 

in  acute  and  subacute  phases,  poorly  defined  zones  of  high 
signal  on  T2WI  are  seen  In  muscles,  subcutaneous  fat,  and 
fascia  secondary  to  Ischemic  or  infarcted  musde  secondary 
to  vasculitis.  Zones  of  low  signal  on  T2WI  can  result  from 
calcifications  seen  on  radiographs  and  computed  tomo- 
graphic scans.  Milk  of  calcium  collections  have  variable 
signal  on  T1WI  and  12WI  depending  on  the  relative 
proportions  of  fluid  and  fluid-ealdum  levels.  Poorty  defined 
zones  of  Gd-contrast  enhancement  can  be  seen  in  muscles, 
fascia,  and/or  subcutaneous  fat  if  there  is  active  inflamma- 
tion and/or  ischemia-infarction.  Musde  ab  ophy  with  fatty 
Infiltration  can  be  seen  In  the  chronic  phases. 

Nonsuppurative  autoimmune  systemic  vasculopathy  involv- 
ing muscle  fibers,  skin,  and  blood  vessels.  Can  be  associated 
wfth  other  connective  tissue  diseases  such  as  sderoderma 
and  mixed  connective  tixue  disease.  Inddence:  2 to  8 per 
million;  prevalence:  4 to  60  per  million.  Juvenile  dermato- 
myosltis  occurs  In  children  between  2 and  15  years  of  age. 
Adult  dermatomyosltls  occurs  with  peak  Incidence  In  tire 
fifth  decade. 

(continued  on  page  622) 


Fig.  12.44  A 57-year-old  woman  with  gout  and  a large  tophus  containing  several  calcifications  In  the  superficial  soft  tissues  at  the  elbow  associated 
bone  erosion  as  seen  on  a lateral  radiograph  (a).  Ihe  tophus  has  Intermediate  signal  on  sagittal  T1  -weighted  Imaging  (b)  and  mixed  high,  slightly  high, 
intermediate,  and  low  signal  on  sagittal  fat-suppressed  TC-weighted  imaging  (c). 
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Rg.  1245  A 48-year-old  woman  with  rheumatoid  arthritis.  Hypertrophied  synovium  (pannus)  Is  seen  In  the  tendon  sheaths  of  the  extensor  carpi 
radlalls  brevis  and  longus  tendons  (arrows).  Ihe  pannus  has  Intermediate  signal  on  axial  Tl-welghted  imaging  (T1WI)  (a)  and  heterogeneous 
intermediate  to  high  signal  on  axial  fat-suppressed  (FS)  12-weighted  imaging  (b).  The  pannus  shows  prominent  Gd-contiast  enhancement  on  axial  F5 
T1WI  (c). 


Fig.  1246  A 78-year-old  woman  with  denmatomyosltis  Involving  the  thigh.  Poorly  defined  aones  of  abnormal  high  signal  on  fat-suppressed  T2- 
welghted  imaging  (FS  12WI)  (a)  and  abnormal  gadolinium-contrast  enhancement  on  FS  Tl-welghted  imaging  (b)  are  seen  in  the  thigh  muscles 
seeondary  to  active  Inflammation.  Zones  of  abnormal  high  signal  on  axial  FS  TZW!  are  also  seen  In  the  subcutaneous  fat 
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Table  12.1  (Cont)  Nonmalignant  tumors  and  tumor-like  lesions  involving  the  soft  tissues  of  the  extremities 
Tumor/tumoMIke  MRI  findings  Comments 

Ioann  ^ 


Sderoderma/systemic 

sclerosis 

(►  Fig.  12.47) 


Often  have  antibodies  to  antinuclear  antibody  (ANA),  SCL- 
70,  and  have  elevated  serum  creatine  kinase  and  C-reactive 
protein.  Patients  usually  present  with  joint  pain.  A subgroup 
has  additional  features  of  calcinosis,  Raynaud  phenomenon, 
esophageal  dysmotility.  and  telangiectasis  (CREST  syn- 
drome). A localized  form  of  scieroderma  is  referred  to  as 
linear  morphea,  which  is  not  associated  with  Raynaud 
phenomenon,  involvement  of  internal  organs,  or  digital 
sclerosis. 


Irregular  zones  with  abnormal  high  signal  on  T2WI  and  Gd- 
contrast  enhancement  are  usually  seen  involving  muscle 
fascia  and  adjacent  muscles,  subcutaneous  fatty  tissue 
septa.  Gd-contrast  of  thickened  synovium  in  joints  and 
tendon  sheaths  has  also  been  reported. 


Severe  connective  tissue  disorder  with  inflammation  and 
microvascular  alterations  resulting  in  progressive  deposition 
of  collagen  bundles  in  muscle  fascia,  subcutaneous  fatty 
tissue  septa,  and  articular  synovium.  Can  also  involve  the 
lungs,  heart,  and  peripheral  arteries.  Median  age  -46  years. 
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12.2  Malignant  Tumors  Involving 
the  Musculoskeletal  Soft  Tissues 

• Malignant  fibrous  histiocytoma  (MFH)/undifferentialed 
pleomorphic  sarcoma 

• Fibrosarcoma/myxofibrosarcoma 

• Low  grade  myofibroblastic  sarcoma 

• Well-differentialed  liposarcoma 

• Myxoid  liposarcoma 

• Myxoid-round  cell  liposarcoma 

• Pleopmorphic  liposarcoma 

• Dedifferentiated  liposarcoma 

• Metastatic  disease 

• Myeloma 

• Lymphoma 


Leukemia 

Synovial  cell  sarcoma 

Malignant  peripheral  nerve  sheath  tumor  (MPNST) 

Dear  cell  sarcoma  (melanoma  of  soft  parts) 

Leiomyosarcoma 

Rhabdomyosarcoma 

Hemangioendothelioma 

Hemangiopericytoma 

Angiosarcoma 

Extraosseous  osteosarcoma 

Extraosseous  Ewing  sarcoma 

Extraosseous  chondrosarcoma 

Malignant  giant  cell  tumor  of  soft  tissues 

Dermatofibrosarcoma  (DFS)/derinato  fibrosarcoma 

protuberans  (DFSP) 


Table  12.2  Malignant  tumors  involving  the  musculoskeletal  soft  tissues 


Tumor  MRI  findings 

Comments 

Malignant  fibrous  his-  Tumors  have  poorly  defined  and/or  circumscribed  margins, 
tiocyfcoma  (MFH)/  and  often  have  low-intermediate  signal  on  Tl-weighted 

undifferentiated  pleo-  imaging  (T1  Wl)  and  heterogeneous  intermediate-high  signal 
morphic  sarcoma  on  T2-weighted  imaging  (T2WI)  and  fat-suppressed  (FS) 

( Fig.  12.48)  T2WI.  Tumors  show  heterogeneous  often  prominent  gado- 

linium (Gd)-contrast  enhancement. 

Malignant  tumors  involving  soft  tissue  and  rarely  bone, 
which  are  presumed  to  derive  from  undifferentiated  mes- 
enchymal cells.  The  World  Health  Organization  now  uses  the 
term  of  undifferentiated  pleomorphic  sarcoma  for  MFH. 

(continued  on  page  626) 
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Fig.  12.48  A 66-year-old  woman 
with  a malignant  fibrous  histiocy- 
toma Involving  the  vastus  lateralis 
muscle  of  the  proximal  thigh.  The 
tumor  (arrows)  has  heterogeneous 
slightly  high  and  high  signal  on  axial 
72-welghted  Imaging. 
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Table  12.2  (Cont.)  Malignant  turnon  Involving  the  muscufoMetal  soft  tissues 


Tumor 


MRI  findings 


Rbrosarcoma/ myxofi- 
brosarcoma 
(►  Fig.  12.49; 

► Rg.  12.50; 

► Rg.  12.51) 


low  grade  myoftbro- 
blastic  saraoma 
(►  Fig.  12.52) 


Tumors  can  have  slightly  liTegular  maiglns,  with  or  wftJiout 
associated  destruction  and  invasion  of  adjacent  bone.  High 
grade  fibmsa/romac  may  have  an  infiltrative  pattern  with 
respect  to  adjacent  soft  tissues.  Lesions  usually  have  low- 
intermediate  signal  on  T1WI,  intermediate  to  slightly  high 
signal  on  proton  density-weighted  imaging  (POWI),  and 
heterogeneous  Intermediate-high  signal  onT2WI.  Margins  of 
lesions  may  be  indistinct  on  T2WI  for  high  grade  lesions. 
Zones  with  high  signal  on  T2WI  can  be  seen  in  myxoid 
regions  of  For  sd&uslng  eptthMd  ftbro- 

sorcomo,  zones  of  low  signal  on  T1WI  and  T2WI  can  be  seen 
from  regions  of  decreased  eeiluiarity  and  dense  collagen 
deposition  In  tiiese  neoplasms.  Tumors  usually  show 
heterogeneous  Gd-contiast  enhancement  Enhancing 
margins  may  be  indistinct  for  high  grade  lesions. 

Tumors  can  have  poorly  defined  and/or  clrcumsaibed 
margins,  and  often  have  low-intermediate  signal  on  T1WI 
and  heterogeneous  intermediate-high  signal  on12WI  and  PS 
T2WI.  Tumors  usually  show  Gd-contrast  enhancement 


Comments 

Uncommon  malignant  tumors  consisting  of  bundles  of 
fibroblasts/spindle  cells  with  varying  proportions  of  collagen, 
lacking  other  tissue-differentiating  features  such  as  tumor 
bone,  osteoid,  or  caitllage.  Infantile  fibrosarcoma  accounts 
for<  1%  of  malignant  soft  tissue  tumors  and  12%  of  soft 
tissue  and  occurs  in  young  patients,  mean  age=2  years. 
Adult  fibrosarcomas  account  for  4%  of  malignant  soft  tissue 
tumors,  mean  age-41  years.  Variants  of  fibrosarcoma 
indude  myxofibrosarcoma,  low  grade  fibromyxoid  sarcoma, 
and  sclerosing  epithelioid  fibrosarcoma. 


Distinct  atypical  myofibroblastic  tumor  with  fibromatosis-like 
features,  composed  of  spindle-shaped  tumor  cells  in  fastides 
or  stortform  patterns,  occurs  in  adults  and  children.  Can  have 
aggressive  growth  when  necrosis  and  Increased  cell  prolif- 
eration are  present 

(continued  on  poge  628) 


Hg.  12.49  A 37-year-old 
man  with  a myxofibrosar- 
coma involving  the 
adductor  muscles  in  the 
proximal  thigh  that  has 
mixed  zones  of  low.  Inter- 
mediate. and  high  signal 
on  axial  T2-weighted 
Imaging  (a).  The  tumor 
shows  prominent  hetero- 
geneous Gd-contiast 
enhancement  on  axial  fat- 
suppressed  Tl-welghted 
imaging  (b). 
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Fig,  12.50  An  82-year-old  man  with  a low  grade  myxofibrosarcoma  Involving  the  soft  tissues  anterior  to  the  proximal  humerus.  The  tumor  shows 
prominent,  slightly  heterogeneous  Gd-contrast  enhancement  on  sagittal  (a)  and  axial  (b)  fat-suppressed  (FS)  T1- weighted  imaging,  and  has  slightly 
heterogeneous  high  signal  on  axial  FS  T2-weighted  imaging  (c).  The  tumor  has  circumscribed  maigins  with  tile  superficial  soft  tissue  but  indistinct 
margins  with  the  muscles  deep  to  the  lesion  consistent  with  Invasion. 


Rg.  12.51  A lowgrade  flbro- 
myxoid  sarcoma  in  the  anterior 
medial  thigh  musde  In  a 37- 
year-old  man  has  heteroge- 
neous. mostly  high  signal  on 
axial  fat-suppressed  (FS)  T2- 
welghted  Imaging  (a)  and  shows 
heterogeneous  Gd-aontiast 
enhancement  on  axial  FST1- 
weighted  Imaging  (b). 


Fig.  12.52  A low-grade 
mpjflbroblastic  sar- 
coma in  the  lateral 
anterior  thigh  muscle 
of  a 13-ycar-old  boy 
has  heterogeneous, 
mostly  high  signal  on 
axial  T2-welghted 
Imaging  (a)  and  shows 
heterogeneous  Gd- 
contrast  enhancement 
on  axial  fat-sup  pressed 
Tl-weighted 
Imaging  (b). 
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Table  12.2  (Cont.)  Malignant  turnon  Involving  the  muscukHkeletal  soft  tissues 

Tumor 

MRI  findings 

Comments 

Well-differentiated  llp- 
o sarcoma 
( Fig.  12.53) 

Tumors  contain  up  to  75%  overall  fat  signal,  and  contain 
thick  nonadipoce  ceptae,  and/or  nodular  nonadipoce  zones. 
Ihe  nonadipose  zones  can  have  low-intermediate  signal  on 
T1WI  and  P0W1,  and  low,  Intermediate,  and/or  high  signal 
onT2WI.  Nonadipose  tumor  poitions  show  variable  degrees 
of  Gd-contrast  enhancement 

Malignant  mesenchymal  tumors  containing  portions  show- 
ing differentiation  into  adipose  tissue.  Compared  with  benign 
lipomas,  these  tumors  have  thicker  and  more  numerous 
fibrous  and/or  nonfatty  septae  containing  fibroblastic  spindle 
cells,  atypical  cells,  and  vacuolated  lipoblasts  surrounding 
various-sized  lobules  of  fat.  Fat  cells  have  nudaar  atypia,  and 
hypenchromatic  stromal  cells  are  seen  in  fibrous  septa. 
Account  for  40  to  54%  of  llposarcomas.  Occurs  in  patients 
age  39  to  77  years,  mean-  50  years. 

Myxoid  liposarcoma 
(►  Fig.  12.54) 

Tumors  usually  have  mostly  low  signal  on  T1WI  and  may 
contain  small  zones  of  high  fat  signal  in  lacy,  amorphous, 
and/or  linear  configurations.  Most  myxoid  llpo sarcomas 
contain  less  than  26%  fat  Some  myxoid  liposarcomasdo  not 
contain  fatty  zones.  Tumors  can  have  heterogeneous  or 
homogeneous  high  signal  on  PDWI  and  T2W1,  and  some 
have  a multlloculated  pattern.  Low  signal  septa  may  be 
present  on  12WI.  Tumors  usually  show  Gd-contrast 
enhancement  in  varying  degrees  and  patterns,  or  raieiy 
none  atall. 

Composed  of  proliferating  stellate  and/or  fusiform  neoplastic 
lipoblasts  in  varying  stages  of  differentiation,  signet  cells 
containing  lipids,  variable  myxoid  matrix,  and  plexifonn 
capillary  netwoik.  Mitotic  activity  Is  usually  low.  Osseous, 
cartilaginous,  and/or  leiomyomatous  metaplasia  may  occur 
in  these  tumors.  Fat  content  in  these  myxoid  liposancomas  is 
usually  less  than  10  to  25%  of  tumor  volume.  Account  for 
23%  of  llposarcomas.  Occurs  in  patients  age  18  to  67  years, 
mean  =42  years.  Associated  with  chromosomal  translocation 
t(12;16)  (q13;p11),  which  also  occurs  In  myxoid-round  cell 
llposarcomas. 

(continued  on  page  630) 
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Fig.  12.53  A 67-year-old  woman  with  a 
well-differentiated  low  grade  llposar- 
coma  involving  the  vastus  intennedius 
muscle  of  the  thigh.  The  tumor  has 
high  fat  signal  on  sagittal  Tl-welghted 
imaging  (T1WI)  (a)  as  well  as  zones  widi 
low-intermediate  signal.  Itie  nonfatty 
portions  of  tiie  tumor  have  slightly  high 
and  high  signal  on  fat-suppressed  (FS) 
T2-weighted  imaging  (b)  and  show  Gd- 
contrast  enhancement  on  sagittal  (c) 
and  axial  (d)  FS  T1WI. 
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Rg.  12.54  A 58^ywr-oid  woman  with  a myxoid  liposancoma  involving  the  posterior  distal  thigh.  This  tumor  (arrows)  has  circumscribed  margins  and 
contains  both  high  and  low-intermediate  signal  on  sagittal  Tl-welghted  Imaging  (T1WI)  (a).  Some  of  the  zones  with  high  signal  onTIWI  secondary  to 
fat  are  suppressed  on  sagittal  fat-suppressed  (FS)  T2 -weighted  Imaging  (b),  whereas  most  of  the  tumor  has  high  signal  from  the  myxoid  components. 
The  tumor  shows  heterogeneous  Gd-contrast  enhancement  on  sagittal  FS  T1WI  (c). 


Lesions  Involving  the  Soft  Tissues 


Table  12.2  (Cont.)  Malignant  turnon  involving  the  muscukHkHetal  soft  tissues 

Tlimor 

MRI  findings 

Comments 

Myxoid-round  cell  llp- 

osarcoma 

(►  Fig.  12.55) 

Tumors  can  have  relatively  well  defined  margins  (72%)  or 
poorly  defined  margins  (28%),  and  have  heterogeneous/ 
mixed  low.  Intermediate,  and/or  high  signal  on  T1WI,  PDWI, 
and  T2WI.  Most  round  cell  liposarcomas  contain  less  than 
26%  fat  Tumors  usually  show  prominent  Gd-contrast 
enhancement  (61%)  In  a heterogeneous  pattern  that  may  be 
globular  or  nodular. 

Contain  round  small  neoplastic  cells  with  single  naked  round 
or  slightly  oval  nuclei,  scarce  cytoplasm  containing  vacuoles 
with  minimal  intracellular  lipid.  Tumor  cells  have  low  mitotic 
activity  and  occur  within  a myxoid  matrix.  Have  been 
considered  to  represent  poorly  d'rffaentiated  myxoid  lip- 
osarcomas. Account  for  6%  of  liposarcomas.  Occurs  in 
patients  age  30  to  64  years,  mean -43  years. 

Pleomorphic  liposar- 
coma 

(►  Rg.  12.56) 

Tumors  often  have  relatively  well  defined  margins  and  have 
heterogeneous /mixed  low,  Intennediate,  and/or  high  signal 
on  Tl  Wl,  PDWI,  and  T2WI.  Less  than  26%  of  die  tumor 
volumes  have  fat  signal.  Tumors  usually  show  prominent  Gd- 
contrast  enhancement  In  a heterogeneous  pattern. 

Tumors  contain  lipogenic  and  nonlipogenic  zones,  which 
have  features  similar  to  malignant  fibrous  histiocytoma, 
round  cell  liposarcoma,  and/or  epithelioid  cardnoma. 

Tumors  have  prominent  cellular  pleomorphism  with  malig- 
nant pleomorphic  iipoblasts,  pleomorphic  spindle  cells,  and 
occasional  giant  cells.  Mitoses  are  common.  Variable  degrees 
of  necrosis  are  seen.  Most  tumors  have  infiltrative  holders 
microscopically.  Account  for  5 to  7%  of  liposarcomas.  Occurs 

In  patients  age  41  to  78  years,  mean-60  years. 

Dedifferentiated  lipo- 

sarcoma 

(►  Rg.  12,57) 

Tumors  can  contain  portions  with  features  of  a well- 
differentiated  liposarcoma  as  well  as  a focal  nonlipomatous 
mass.  Frequently  occur  In  the  retroperltoneum  and  can  be 
large  (mean = 1 9.3  cm).  Tumors  can  have  circumscribed  and/ 
or  irregular/poorly  defined  margins.  Tumors  often  have 
heterogeneous/mbied  low,  Intermediate,  and/or  high  signal 
onTIWI,  PDWI,  and  T2WI.  Hemontiage  and  necrosis  can  be 
seen  in  the  nonlipomatous  portions.  Tumors  often  show 
prominent  Gd-contrast  enhancement  In  nonlipomatous 
portions  In  a heterogeneous  or  homogeneous  pattern. 

Occur  most  frequently  in  the  retroperitoneum  and  often 
contain  both  well-differentiated  and  poorly  differentiated 
zones.  The  poorly  differentiated  component  Is  usually  a high 
grade  sarcoma.  Account  for  10%  of  liposarcomas.  Occurs  in 
patients  age  42  to  78  years,  mean-63  years. 

(continued  on  poge  632) 


Fig.  12.55  Myxoid-round  cell  lipossrcoma  involving  die  posterior  thigh  muscles  in  a 49-year-old  man  has  intennediate  signal  on  sagittal  Tl  -weighted 
Imaging  (TOM)  (a),  mostly  high  signal  on  sagittal  fat-suppressed  (FS)  T2-welghted  imaging  (b),  and  shows  Cd-eontrast  enhancement  on  sagittal  FS 
nwi  (c). 


630 


Lesions  Involving  the  Soft  Tissues 


Fig.  12.56  An  83-year-olld  woman  with  a large,  high  grade  pleomorphic  llposarcoma  Involving  the  posterior  left  thigh.  The  tumor  has  heterogeneous 
intermediate  signal  and  small  zones  with  high  signal  on  sagittal  T1  weighted  imaging  (T1  Wl)  (a),  heteiogeneous  high,  intermediate,  and  low  signal  on 
sagittal  fat-suppressed  (F5)  T2-welghted  Imaging  (b),  and  shows  heterogeneous  Gd-aontrast  enhancement  on  sagittal  F5  T1WI  (c). 


Fig.  12.57  A 71 -year-old  woman  with  a dedifferentiated  llposarcoma  In  the  distal  thigh.  A mass  lesion  Is  seen  Involving  the  soft  tissues  of  the  medial 
thigh,  which  has  inegular  margins  and  has  intermediate  signal  on  coronal  T1 -weighted  imaging  (T1WI)  (a),  heterogeneous  mostly  high  signal  on 
coronal  fat-suppressed  (F5)  T2-wetghted  Imaging  (b),  and  shows  heterogeneous  Gd<ontrast  enhancement  on  coronal  FS  T1WI  (c). 
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Table  12.2  (Cent.)  Malignant  turnon  Involving  the  muscufoMeCal  soft  tissues 


Ttimor 

MRI  findings 

Comments 

Metastatic  disease 
( Fig.  12.5S) 

Tumors  can  oocur  as  lymphadenopathy  or  as  focal  lesions, 
lesions  have  low-intermediate  signal  on  T1WI  and  Interme- 
diate to  slightly  high  signal  or  high  signal  on  T2WI  and  FS 
T2WI.  Variability  In  MRI  signal  characteristics  maybe  related 
to  differing  histological  features  of  tire  metastatic  lesions. 
Tumors  can  show  variable  degrees  of  Gd-contrast 
enhancement. 

Metastatic  lesions  are  proliferating  neoplastic  cells  that  are 
located  in  sites  or  organs  separated  or  distant  from  their 
origins. 

Myeloma 
(»  Rg.  12.59) 

lesions  usually  have  low-intermediate  signal  on  T1WI, 
slightly  high  to  high  signal  on  T2WI.  and  high  signal  on  FS 
T2WI.  Extraoseous  tumors  can  occur  from  extension  from 
intraosseous  lesions,  or  primarily  within  tire  soft  tissues. 
Lesions  may  have  poorty  defined  or  distinct  margins.  Most 
lesions  show  Gd-contrast  enhancement  Zones  of  high  signal 
on  T2WI  peripheral  to  the  Gd-contrast  enhancing  portion  of 
the  lesion  may  represent  zones  of  tumor  Invasion  or 
perlleslonal  edema. 

Malignant  tumors  composed  of  proliferating  antibody- 
secreting  plasma  cells  derived  from  single  done*.  Usually 
occur  In  bone  and  occasionally  In  soft  tissue. 

Lymphoma 
( Rg.  12.60) 

Lymphadenopathy  from  Hodgla'n  lymphoma  (HL)  and  lesions 
of  non-Hodgldn  lymphoma  (NHL)  have  low-lntennedlate 
signal  on  T1WI  and  Intermediate  to  slightly  high  signal  on 
T2WI.  Variability  in  MRI  signal  may  be  related  to  differing 
histological  features  (such  as  the  degree  of  fibrosis)  for  the 
subtypes  of  HL  After  Gd-contrast  administration,  HL  and 
NHL  can  show  variable  Gd-contrast  enhancement. 

Lymphomas  are  tumors  in  which  neoplastic  cells  arise  within 
lymphoid  tissue.  HL  usually  occurs  In  lymph  nodes  and 
spreads  along  nodal  chains,  whereas  NHL  frequently  origi- 
nates at  extranodal  sites  and  spreads  in  an  unpredictable 
pattern.  Mycosis  f ungoldes  Is  a T cell  lymphoma  that  Involves 
the  skin. 

(continued  on  pogc  634) 


Fig.  12.58  A 51-year-old  man  with  a 
metastatic  lesion  from  lung  carcinoma 
involving  the  vastus  intermedius 
muscle  of  the  upper  thigh,  which  has 
high  signal  on  axial  fat-suppressed  (FS) 
T2-weighted  imaging  (a),  lhe  tumor 
shows  Gd-contrast  enhanaement  on 
axial  FS  Tl-welghted  Imaging  (b). 


632 


Lesions  Involving  the  Soft  Tissues 


Fig.  12.60  A 51 -year-old  woman  with 
large  B cell  non-Hodgkin  lymphoma 
(arrow)  Involving  die  posfteilor  soft 
tissues  at  die  distal  tiilgh,  which 
shows  slightly  heterogeneous  Gd- 
contrast  enhancement  on  sagittal  (a) 
and  axial  (b)  fat-suppressed  T1- 
weighted  imaging. 
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Table  12.2  (Cont.)  Malignant  tumors  Involving  the  muscukHkeleCal  soft  tissues 


Tlimor 

MRI  findings 

Comments 

Leukemia 
(►  Fig.  12.61) 

Single  or  multiple  weil-clrcumsciibed  or  poorfy  defined 
infiib  ative  lesions  involving  marrow;  low-intermediate  signal 
on  T1WI  and  occasionally  in  soft  tissue,  intermediate-high 
signal  on  T2WI  and  FS  T7WI,  often  shows  Gd-contrast 
enhancement,  ± cortical  bone  detraction  and  extraosseous 
extension. 

Malignant  lymphoid  neoplasms  with  Involvement  of  bone 
marrow  with  tumor  cells  also  in  peripheral  blood. 

Synovial  cell  saraoma 
( Fig.  12.62) 

Tumors  are  often  ovoid  and/or  lobulated  lesions,  which  often 
have  low-intermediate  signal  on  T1WI.  and  heterogeneous 
signal  (various  combinations  of  intermediate,  slightiy  high, 
high,  and/or  low  signal)  on  TZW1.  Multiloculaked  cystic  zones 
are  present  in  77%.  Calcifications  may  occur  in  up  to  30%. 
Tumors  show  various  patterns  of  Gd-contrast  enhancement. 

Mesenchymal  tumor*  composed  of  spindle  cells  and  cells 
with  varying  degrees  of  epithelial  differentiation.  Account  for 
5%  of  primary  malignant  soft  tissue  tumors.  Occurs  In 
patients  14  to  58  years,  mean  age-  32  years.  More  than  90% 
of  synovial  sarcomas  have  a chromosomal  translocation. 
l(X;18)  (p11;q11). 

Malignant  peripheral 
nerve  sltaath  tumor 
(MPNSI) 

(►  Fig.  12.63) 

These  lesions  usually  have  heterogeneous  signal  onTIWI  and 
T2WI  as  well  as  heterogeneous  Gd-contrast  enhancement 
because  of  necrosis  and  hemorrhage.  Some  MPNSTs  are 
similar  in  appearance  to  benign  nerve  sheath  tumors. 

MPNSTs  are  malignant  tumor*  of  the  peripheral  nerve  sheath 
that  contain  mixtures  of  packed  hyperchromabc  spindle  cells 
with  elongated  nuclei  and  slightly  eosinophilic  cytoplasm, 
mitotic  figures,  and  aones  of  necrosis.  Approximately  50%  of 
MPNSTs  occur  in  patients  with  neurofibromatosis  1 (NF1). 
followed  by  de  novo  evolution  from  peripheral  nerves. 
MPNSTs  infrequently  arise  from  schwannomas,  gangloneur- 
oblastomas/gangiioneuromas.  and  pheochromocytomas. 

(continued  on  poge  636) 


Flg.12.61  A 69-year-old  man  with 
acute  myelogenous  leukemia  Involving 
the  soft  tissues  at  the  right  shoulder 
and  marrow  of  the  right  humerus. 
Leukemic  Involvement  In  tire  soft  tis- 
sues (arrows)  has  poorly  defined  mar- 
gins. heterogeneous  slightly  high  and 
high  signal  on  axial  fat-suppressed  T2- 
weighted  imaging  (F5  T7WI)  (a)  and 
Gd-contiast  enhancement  on  axial  FS 
Tl-welghted  imaging  (b).  Leukemic 
tissue  in  the  marrow  of  the  humerus 
has  heterogeneous  slightly  high  signal 
on  axial  FS  T7W1.  The  leukemic  tissue  In 
marrow  shows  minimal  Gd-aontrast 
enhancement,  whereas  die  leukemic 
Involvement  In  the  extraosseous  soft 
tissues  shows  prominent  Gd-conb  ast 
enhancement. 


Lesions  Involving  the  Soft  Tissues 


Flg.12.62  A 15-year-old 
boy  with  a synovial  sar- 
coma involving  the  dorsal 
90ft  tissues  at  the  knee 
de^>  to  die  sartonus.  gra- 
cilis, and  semimembrano- 
sus iruisdes.  Axial 
computed  tomographic 
image  (a)  shows  the  tumor 
to  have  Intermediate 
attenuation  as  well  as 
irregular  calcifications  and 
cystlc-IIUe  zones  (arrows). 
The  tumor  has  slightly 
lobulaled  margins,  and  has 
intermediate  and  slightly 
low  signal  on  coronal  T1- 
weighted  imaging  (T1WI) 
(b)  as  well  as  a small  zone 
of  high  signal  f 10m  hem- 
orrhage. The  tumor  has 
heterogeneous  slightly 
high  and  high  signal  on 
coronal  f at-suppressed  (F5) 
12- weighted  imaging  (c). 
The  tumor  (arrows)  shows 
heterogeneous  Gd-aon- 
trast  enhancement  on  axial 
FS  T1WI  (d). 


Fig.  12.63  Malignant  peripheral  nerve  sheath  tumor  in  the  posterior  paraspinai  soft  tissues  of  a 51 -year-old  man.  lhe  tumor  (arrow)  has 
heterogeneous  mostly  intermediate  signal  on  sagittal T1- weighted  Imaging  (T1WI)  as  well  as  small  zones  with  slightly  high  and  high  signal  (a),  mixed 
high,  low,  and  Intermediate  signal  on  sagittal  fat-suppressed  (F5)  12- weighted  Imaging  (b).  The  tumor  shows  heterogeneous  irregular  Gd-contrast 
enhancement  on  sagittal  FS  T1WI  (c). 
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Table  12.2  (Cont.)  Malignant  tumors  Involving  the  musculoskeletal  soft  tissues 


Ttimor 

MRI  findings 

Comments 

Cl  ear  cell  sarcoma 
(melanoma  of  soft 
parts) 

(►  Fig.  12.64) 

Tumors  can  have  well-defined  or  Irregular  margins  and 
usually  have  low-intermediate  signal  on  T1WI  and  interme- 
diate to  slightly  high  or  high  signal  on  T2WI  and  FS  12WI. 
Tumors  usually  show  Gd-conbast  enhancement  Erosion  Into 
bone  can  occur. 

Rare  malignant  tumors  with  melanocytic  differentiation 
(Immunoreactive  to  SI  00  protein,  HMB4S)  that  occur  in 
patients  between  10  and  50  years  of  age.  Usually  occurs  In 
the  deep  soft  tissues  Involving  aponeuroses  and  tendons. 

Leiomyosarcoma 
(►  Fig.  12,65) 

Lesions  may  have  well-defined  or  Inegular  margins  and  often 
have  Intermediate  signal  on  T1WI  and  PDWI  that  can  be 
hyperlntense  relative  to  muscle,  and  intermediate  to  slightty 
high  or  high  signal  on  T2WI  and  F5T2WI,  Large  lesions  often 
have  zones  of  necrosis  or  cystic  change,  which  have  low 
signal  onTIW  land  high  signal  on  T2WI.  Solid  portions  of  the 
lesions  usually  show  Gd-contiast  enhancement 

Malignant  mesodermal  tumors  associated  with  smooth 
muscle  differentiation  that  can  arise  de  novo  or  occur  after 
radiation  treatment.  Tumors  are  usually  composed  of 
Interleaved  bundles  or  fascldes  of  plump  spindle  cells 
containing  fusiform  or  cigar-shaped  nuclei,  frequent  para- 
nuclear vacuoles,  and  eosinophilic  cytoplasm  associated  with 
a myxoid  or  collagenlzed  stroma.  Tumors  are  often 
Immunoreactive  to  smooth  muscle  actin  (SMA),  desmln,  and 
h-caldesmon.  Account  for  8%  of  primaiy  malignant  soft 
tissue  tumors  and  3%  of  all  primary  soft  tissue  tumors. 
Patients  range  In  age  from  35  to  79  years,  mean -58  years. 

Rhabdomyosarcoma 
(►  Fig.  12.66) 

Tumors  can  have  drcumsaibed  and/or  poorly  defined 
margins,  and  typically  have  low-lntennedlate  signal  on  T1WI 
and  heterogeneous  signal  (various  combinations  of  Inter- 
mediate, slightty  high,  and/or  high  signal)  on  T2WI  and  FS 
T2WI.  Tumors  show  variable  degrees  of  Gd-contrast 
enhancement 

Malignant  mesenchymal  tumors  with  rhabdomyoblastic 
differentiation  that  occur  primarily  In  soft  tissue.  Account  for 
2X  of  primary  malignant  soft  tissue  tumors  and<  1%  of  all 
primary  soft  tissue  tumors.  Account  for  19X  of  soft  tissue 
sarcomas  In  children. 

Hemangioendothe- 

lioma 

(►  Fig,  12,67) 

Tumors  have  tabulated  well-defined  or  iiregular  maigins,  and 
have  Intermediate  signal  on  T1WI  and  heterogeneous 
predominantly  high  signal  on  T2WI  with  or  without  internal 
low  signal  septations.  Flow  voi  ds  may  be  seen  with  tiie 
lesions.  Tumors  show  heterogeneous  Gd-contrast 
enhancement 

low-grade  malignant  neoplasms  composed  ofvasofdrma- 
ttve/endothellal  elements  that  occur  In  soft  tissues  and  bone. 
These  tumors  are  locally  aggressive  and  rarely  metastasize, 
compared  with  tiie  high-grade  endothelial  tumors  such  as 
angiosarcoma.  Account  fior<  IX  of  malignant  and  all  soft 
tissue  tumors.  Patients  range  In  age  from  1 7 to  60  years, 
mean=40  years. 

Fig.  12.64  A 32-yaar-old  man  with  clear  aell  saraoma  (also  referred  to  as  melanoma  of  soft  parts)  Involving  tiie  medial  soft  tissues  at  the  ankle.  The 
tumor  has  intermediate  signal  on  coronal  Tl-weighted  imaging  (T1WI)  (a)  and  high  signal  on  coronal  fat-suppressed  (FS)  12- weighted  imaging  (b). 
The  tumor  shows  prominent  Cd-contrast  enhancement  on  coronal  FS  T1WI  (c). 
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Flg.12.65  A 55-year-old  man  with  a 
leiomyosarcoma  involving  the 
muscles  of  the  thigh  (arrow),  which 
has  heterogeneous  mostly  high  and 
slightly  high  signal  on  axial  fat-sup- 
pressed (F5)  T2-welghted  imaging  (a) 
as  well  as  small  aones  of  low  slgnaL 
The  tumor  (arrow)  shows  Gd-aorrtrast 
enhancement  except  at  several  sites 
of  necrosis  on  axial  F5  Tl-welghted 
imaging  (b).  Erosion  of  die  outer 
cortical  margin  of  die  femur  by  die 
tumor  Is  present 


Fig.  12.66  A 2.5-y ear-old  girl  with  an  embiyonal  rhabdomyosarcoma  Involving  die  posterior  calf.  The  tumor  has  mostly  high  signal  with  stands  of  low 
signal  on  anal  fat-suppressed  (F5)  T2 -weighted  imaging  (a).  The  tumor  shows  heterogeneous  irregular  peripheral  and  central  Cd-contrast 
enhancement  on  axial  (b)  and  sagittal  (c)  F5  Tl-weighted  imaging.  The  tumor  is  associated  with  signal  alteration  of  the  adjacent  fibula. 


Fig.  12.67  A 36-year-old  man  wftii  a hemangioendothelioma  Involving  the  dorsal  soft  tissues  of  die  foot,  which  has  Intermediate  signal  on  sagittal  Tl- 
weighted  imaging  (T1WI)  (a),  high  signal  on  sagittal  fat-suppressed  (PS)  T2-weighted  imaging  (b)s  and  shows  prominent  Cd<ond  astenhancementon 
aoronai  F5  T1WI  (c). 
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Table  12.2  (Coot.)  Malignant  turnon  Involving  the  musailodiHetal  soft  tissues 


Tlimor 

MRI  findings 

Comments 

Hemangiopericytoma 
( Fig.  12.68) 

Usually  have  well-defined  margins,  often  have  low-lntetme- 
diate  signal  on  T1WI.  intermediate  or  slightly  high-high 
signal  on  12WI.  and  heterogeneous  high  signal  on  FS 12WI. 
On  12WI,  lesions  may  contain  tubular  signal  voids  tent  ally  or 
peripherally,  likely  representing  tumor  vessels.  Can  contain 
hemorrhagic  zones  with  corresponding  MR  signal  alteration. 
Typically  show  Gd-contrast  enhancement 

Rare  malignant  tumors  of  presumed  perlcytic  origin  that 
contain  variously  shaped  pericytic  cells  (oval,  round,  spindle- 
like) and  adjacent  iriegular  branching  vascular  spaces  lined 
by  endothelial  cells.  Usually  occur  In  soft  tissues  and  less 
frequently  in  bone.  Account  fbr<  1 % of  primary  tumors  in  the 
soft  tissues.  Most  tumors  (90  to  95%)  occur  in  adults,  and  S 
to  10%  occur  In  children. 

Angiosarcoma 
( Fig.  12.69; 

► Rg.  12.70) 

Tumors  have  low-intermediate  signal  on  T1WI,  mixed  low. 
Intermediate,  and/or  high  signal  on  T2WI.  and  show 
prominent  Gd-contiast  enhancement  In  a homogeneous  or 
heterogeneous  pattern. 

Malignant  tumors  composed  of  neoplastic  blood  vraek  in 
bone  and/or  soft  tissues.  These  tumors  can  be  associated 
wfth  Paget  disease,  radiation  treatment,  bone  Infarcts,  knee 
and  hip  prostheses.  synthetic  vessel  grafts,  prior  trauma  or 
surgery.  osteomyelitis,  and  hereditary  disorders  (NF1, 

Maf fucd  syndrome,  achondroplasia).  Represents*  of 
malignant  bone  tumors:  account  for  2%  of  malignant  soft 
tissue  tumors.  Patients  range  in  age  from  5 to  97  years. 
mean-49  years.  Superficial/cutaneous  angiosarcomas  can 
occur  in  the  setting  of  lymphedema  secondary  to  mastec- 
tomy and/or  lymph  node  dissection  (Stewart-Treves  syn- 
drome). 

Extraoseous  osteo- 
sarcoma 
(►  Rg.  12.71) 

Tumors  have  irregular  poofty  defined  or  slightly  well 
circumscribed  margins  and  hetemgeneous  signal  on  most 
MRI  pulse  sequences.  Various  combinations  of  low.  inter- 
mediate. and/or  high  signal  onTI  Wl.  12 Wl.  and  FS  T2WI  can 
be  seen,  depending  on  the  presence  and  extent  of 
hemonhage  and/or  necrosis  within  the  lesions.  On12WI  and 
FS  12WI,  tumors  often  have  heterogeneous  predominantly 
high  signal.  Fluid-fluid  levels  may  be  present  at  sites  of 
hemonhage  or  necrosis.  Peripheral  nonenhancing  high 
signal  on  T2WI  may  be  present  and  represent  zones  of 
edema  and/or  tumor  invasion  within  adjacent  tissues. 
Tumors  often  show  heterogeneous  patterns  of  Gd-contrast 
enhancement. 

Malignant  tumor  composed  of  proTrferatlng  neoplastic 
spindle  cells  that  produce  osteoid  and/or  immature  tumoral 
bone.  Osteosarcoma  most  commonly  occurs  wfthln  bone 
and  less  frequently  on  the  external  surface  of  bone.  Rarely, 
osteogenic  sarcomas  can  also  occur  as  extraskeletal  primary 
lesions  In  the  soft  tissues. 

(continued  on  poge  6 40) 


Fig.  12.68  A 29-ytar-old  woman  with  a hemangiopericytoma  Involving  the  tibialis  anterior,  tibialis  posterior,  extensor  dlgltomm  longus.  and  popllteus 
muscles.  The  tumor  (arrows)  has  mostly  intermediate  signal  on  sagittal  Tl-weighted  imaging  (a)  as  well  as  several  zones  of  high  signal  at  sites  of 
hemonhage.  The  tumor  has  mostly  high  signal  on  sagittal  (b)  and  axial  (c)  fat-supprwsed  T2-welghted  Imaging  as  well  as  fod  and  curvilinear  zones  of 
lowslgnal. 
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Fig.  12.69  A 74-year-old  man  with  an 
angiosarcoma  in  the  medial  anterior 
thigh  Involving  die  vastus  medlalls 
musde.  The  tumor  has  mixed  low, 
intermediate,  and  high  signal  on  axial 
T2-welghted  Imaging  (a),  and  shows 
prominent  Gd-contrast  enhancement 
on  fat-suppressed  Tl-welghted 
imaging  (b). 


a 


Fig.  12.70  A 53-ycar-old  woman  wldi  a history  of  radiation  treatment  for  breast  cancer  after  mastectomy  and  lymph  node  dissection  with  subsequent 
development  of  an  angiosarcoma  associated  with  chronic  lymphedema  involving  the  upper  extremity  (Stewart-Treves  syndrome).  The  tumor  (arrows) 
has  intermediate  signal  on  sagittal  Tl-weighted  imaging  (a),  slightly  high  signal  on  sagittal  fat-suppressed  (FS)  T2-weighted  imaging  (b).  and  shows 
Gd-aontrast  enhancement  on  axial  FST1WI  (c). 


Fig.  12.71  A 32  year -old  man  with  an  extraosseous  osteosarcoma  involving  the  extensor  digitouim  longus  musde  and  peroneus  longus  and  brevis 
muscles  of  the  proximal  lateral  leg,  which  has  heterogeneous  mostly  high  signal  on  axial  fat-suppressed  (FS)  T2-welghted  Imaging  (a)  as  well  as  septa 
wldi  low  signal  and  flluld-flluld  levels  with  high  and  low  signal.  Fluid-fluid  levels  lepresent  sites  of  hemorrhage  within  the  tumor.  The  tumor  (arrow) 
shows  heterogeneous  Gd-conbast  enhancement  on  axial  FS  Tl-weighted  imaging  (b). 
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Table  12,2  (Cent.)  Malignant  tumors  Involving  the  musculoskeletal  soft  tissues 


Ttimor 

MRI  findings 

Comments 

Extraosseous  Ewing 
sarcoma 
( Fig.  12.72) 

Tumors  usually  have  low-intermediate  signal  onTIWI  and 
heterogeneous  slightly  high  to  high  signal  on  T2W1  and  FS 
T2W.  Tumors  often  show  prominent  irregular  Gd-contrast 
enhancement 

Malignant  primitive  tumors  of  bone  and  occasionally  soft 
tissue  that  are  composed  of  undifferentiated  small  cells  with 
round  nuclei. 

Extraoseous  chondro- 
sarcoma 
(►  Fig.  12.73) 

Tumors  have  low-intermediate  signal  on  T1WI.  intennediate 
signal  on  PDWI,  and  heterogeneous  Intennedlate-hlgh  or 
slightly  high  signal  on  T7WI.  Foci  of  low  signal  on  T1WI  and 
T2WI  can  be  seen  secondaiy  to  chondroid  mabix  mineral- 
ization. Lesions  typically  show  heterogeneous  Gd-contrast 
enhancement 

Malignant  tumors  containing  cartilage  fbimed  within  sar- 
comatous stroma,  with  or  without  areas  of  calcification/ 
mineralization,  myxoid  material,  and/or  ossification. 

Malignant  giant  cell 
tumor  of  soft  tissues 
(i  Fig.  12.74) 

Lesions  have  lobular  margins  and  usually  have  low-interme- 
diate or  Intermediate  signal  on  T1WI  and  PDWI  that  is  often 
similar  to  or  less  than  muscle.  On  T7W)  and  FS  T2WI.  lesions 
can  have  mixed  intermediate  and/or  high  signal.  Small  zones 
of  low  signal  onT2WI  often  correspond  to  small  sites  of 
hemosiderin  deposition.  Lesions  often  show  Gd-contrast 
enhancement  in  either  homogeneous  or  heterogeneous 
pattern.  Erosions  of  adjacent  bone  can  be  seen  with  some 
lesions. 

Rare  lesions  that  consist  of  synovial  proliferation  with  fibrous 
collagenous  tissue,  varying  amounts  of  scattered  multi- 
nucleated  giant  cells,  foamy  macrophages,  xanthoma  cells, 
round-polygonal  and/or  spindle-shaped  mononudear  cells, 
and  malignant  sarcomatous  zones  containing  giant  cells  with 
bizarre  nudei.  and  pleomoiphk  spindle  cells  with  nudear 
atypia  and  mitoses. 

(continued  on  poge  642) 


Fig. 12. 72  An  11  year- 
old  female  with  an 
extraosseous  Ewing  sar- 
coma in  the  soft  tissues 
adjacent  to  the  right 
davkle.  The  tumor 
(arrows)  has  intermedi- 
ate signal  on  aoional 
proton  density- 
weighted  Imaging  (a), 
and  high  signal  on  anal 
fat-suppressed  T2- 
welghted  Imaging  (b). 


Fig.  12.73  A 65  year-old  man  with  an  extraosseous 
myxoid  chondrosarcoma  in  the  distal  thigh,  which 
has  circumscribed  margins  and  contains  heteroge- 
neous mostly  high  signal  with  small  fod  of  low 
signal  on  axial  T2- weighted  Imaging  (a).  The  lesion 
shows  prominent  irregular  heterogeneous  Gd- 
contrast  enhancement  on  axial  fat-suppressed  T1- 
welghted  Imaging  (b). 
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Rg.12.74  A 60-ywr-old 
man  with  a malignant 
giant  tell  tumor  of  the 
tendon  sheath  at  die  wrist 
A laige  multilobulated 
tumor  with  both  well- 
defined  and  Indistinct 
margins  in  the  soft  tissues 
of  the  distal  forearm  and 
wrist  (arrows)  has  Inter- 
mediate signal  on  sagittal 
Tl-weighted  imaging 
(T1WI)  (a)  and  heteroge- 
neous high  and  slightiy- 
high  signal  on  sagittal  fat- 
suppressed  (FS)  T2- 
welghted  Imaging  (b).  The 
lesion  shows  prominent 
heterogeneous  Gd-eon- 
tiasfc  enhancement  on  axial 
FS  T1WI  (c,d). 
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Table  12.2  (Cent.)  Malignant  tumors  involving  the  musculoskeletal  soft  tissues 

Tlimor 

MRI  findings 

Comments 

Dermatofibrosarcoma 
(□FS).  dermatofibru- 
sarcoma  pcotuberans 
(DFSP) 

(►  Fig.  12.75) 

DFSs  are  small  lesions  with  circumscribed  and/or  poorly 
defined  margins  involving  die  skin  and/or  subcutaneous 
adipose  tissue.  Tumors  can  have  lowintennediate  signal  on 
T1WI  and  Intermediate  to  high  signal  onT2WI  and  FST2WI. 
DFSs  show  variable  degrees  of  Gd-contrast  enhancement. 
DFSPs  are  usually  drcumscribed  lesions  in  the  skin  and 
subcutaneous  adipose  tissues  that  can  measure  up  to  25  cm. 
Ten  percent  of  DFSPs  have  poorly  defined  margins.  DFSP 
tumors  have  lowintennediate  signal  on  T1WI,  intermediate, 
slightly  high,  and/or  high  signal  on  T2W1.  DFSPs  show 
heterogeneous  or  homogeneous  Gd-conti  ast  enhancement. 

DFSs  and  DFSP s are  dermal  tumors  containing  fibroblastic 
cells  with  spindle-shaped  nuclei.  DFSP  is  associated  with  the 
chromosomal  translocation  t(17:22),  which  involves  fusion  of 
the  COUA1  and  POGF-beto  genes  (6).  The  §OUA1  Is  a 
collagen  type  1-alpha-1  geneand  PDGFbefu  is  a platen- 
derived  growth  factor  beta  gene.  These  tumors  account  for 
approximately  6%  of  prfmaiy  malignant  soft  tissue  tumors 
and  2%  of  all  piimarysofttissuetumors.Ageat  presentation: 
19  to  60  years,  mean-38  years.  Tumors  involve  the  dermis 
and  are  located  above  the  Investing  fascia.  DFSP  extends 
from  8 to  60  mm,  mean  - 17  mm,  deep  to  the  sldn  margin. 
Approximately  30%  may  extend  into  or  involve  soft  tissue 
deep  to  the  superficial  fasda.  Trunk>head  and  neck>  proxi- 
mal limb  glrdle>lower  extremity >hlp  and  buttocks>foot 
and  ankle>upper  extremity>hand  and  wrist 

Fig.  12.75  A 52-year-old  man  wth  a dwfivild^bro sarcoma  pnotuberans  at  die  dorsal  aspect  of  the  hand  involving  the  skin  and  subcutaneous  fat  Ihe 
tumor  has  intermediate  signal  on  sagittal  Unweighted  imaging  (T1WI)  (a)  and  heterogeneous  mostly  high  signal  on  sagittal  fat-suppressed  (FS)  T2- 
welghted  Imaging  (b).  The  tumor  shows  prominent  heterogeneous  Gd-contrast  enhancement  on  axial  FS  T1WI  (c). 
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A 

ABQ  see  Aneurysmal  bone  cyst  (ABC) 
aBMEs,  see  Acute  bone  marrow  edema 
syndromes  (aBMEs) 

Abscess  616, 616 

AC  joint,  see  Anumiodavicular  (AC) 
joint 

Acetabular  fracture  148 ,149 
Acetabular  labrum  tears  162, 163 
Acetabular  labrum,  postoperative, 
lesions  of  162,  163 
Achilles  tendinosis 

- insertional  24 0,241 

- nooinseitkmal  238,239 
Achilles  tendon  tears  242,242-243 
ACL,seeAu!±uiii  exudate  ligament 

(ACL) 

Acromial  variants,  in  shoulder 
impingement  24, 24 
Acromioclavi  cular  (AC)  joint 
degeneration,  in  shoulder 
impingement  22, 23 
Acute  bone  marrow  edema  syndromes 
(aBMEs)  424,424,450,450 
Adamantinoma  372,373,388,389 
Adhesive  capsulitis,  in  rotator  cuff  16, 
17 

Adventitial  bursitis  272,272-273 
Age-related  vertebral  marrow  s ignal 
changes  516,516 
ALPSA  lesion,  see  Anterior  labrum 
periosteal  sleeve  avulsion  (ALPSA) 
lesion 

Ameloblastoma  384,385, 416,417 
Amyloid  614,614 
Anaoneus  epirochlearis  78. 79 
Anemias) 

- inherited  512, 512-513 

- sicklecell 

- with  adjacent  extramedullary 
hematopoiesis  394,395.512 

- with  marrow  signal  alteration  513 

- sideroblastic  512 
Aneurysm  614,615 
Aneurysmdips  2 
Aneurysmal  bone  cyst  (ABC) 

- as  iffiranistnllary  lesion  associated 
with  expansion  of  intact  cortical 
margins  380, 380 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  428,429 

- as  solitary  Intramedullary  lesion 
with  well-circumscribed 
margins  412,413 

- as  solitary  intramedullary 
mriariiapfrysgai  lesion  380,460 .461 

- in  foot  496,497 
Angiography  2 
Angiomatosis  596,507 
Angiosarcoma  638,639 
Ankle  238 

- See  also  Foot 

- ligament  lesions  254 

- osseous  lesions  of  280 

- ossicles  266 

- soft-tissue  abnormalities  in  266 

- sprain,  high  258,258-259 

- tendon  lesions  238 


Ankylosing  spondylitis  522 
Anterior  cruciate  ligament  (ACL) 

- mucoid  cystic  degeneration  of  194, 
194-195 

- postoperative  196, 196-197 

- fears  190, 199-191 

- partial  1 92,193 

Anterior  labium  periosteal  sleeve 
avulsion  (ALPSA)  lesion  30,30 
Anterior  talofibular  ligament  (ATFL) 
sprain  254,255 

Anterolateral  impingement  260, 260 
Arthritis,  see  Juvenile  idiopathic 
arthritis,  Osteoarthritis  (QA), 

Psoriatic  arthritis.  Rheumatoid 
arthritis 

Arthrofibiusis,  in  knee  198, 199 
Arthrography  3 

A1TL,  see  Anterior  talofibular  ligament 
CAIRO 

Athletic  pubalgia  170, 171 
Avascular  necrosis  (AVN),  see 
Osteonecrosis 

- in  hip  144, 145 

- of  humeral  head  44. 45 

- of  scaphoid  106,  106 

- of  talus  284,284 

AVN,  see  Avascular  necrosis  (AVN) 

B 

Baker  cysts  228,229 
Bankart  fracture  28,28-29 
Bankart  lesion  26,27 
Beta  thalassemia  512,513 
Biceps  tendinopathy  60,61 
Biceps  tenriirosis  4 0,40 
Biceps  tendon  abnormalities  36 
Biceps  tendon  subluxation/ 
dislocation  40,41 
Bidpitoradial  bursitis  66,67 
Bilateral  sacral  insufficiency 
fractures  526,526 
Bilateral  saaoiliitis  524,525 
Bizarre  parosteal  osteocartilaginous 
proliferation  318. 318, 492, 493 
Blood  transfusions,  multiple,  iron 
deposition  and  hemochromatosis 
from  514,515 
Blount  disease  218,219 
Bone  eontusion  424, 425, 448, 449, 526 
Bonecyst 

- aneurysmal 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  380, 380 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  428,429 

- as  solitary  intramedullary  lesion 
with  well-drcumsaibed 
margins  412,413 

- as  solitary  tntraraoiullaiy 
metadiaphyseal  lesion  380, 460,461 

- in  foot  496 ,497 

- unicameral 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  GDitkal 
margins  378,379 


- as  solitary  intramedullary  lesion 
with  wdl-droimscribed 
margins  412,412 

- as  solitary  intramedullary 
metadiaphyseal  lesion  460, 460 

- In  foot  496.497 
Bone  for  nation  3 
Bone  infarct 

- as  solitary  intramedullary  diaphyseal 
lesion  474,475 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  448,449 

- as  solitary  intramedullary  lesion 
with  well<frcumscrlbed 
margin  414,415 

- as  solitary  inPramgiuflaiy 
metadiaphyseal  lesion  466, 467 

- in  foot  506,507 

- in  knee  218,219 

- marrow  in  528,529 

- periostitis  associated  with  acute/ 
subacute  340,341 

Bone  ischemia,  acute/subacute  422, 

423 

Bone  island  414, 415, 496 
Bone  marrow 

- age-related  signal  changes  in 
vertebral  516,516 

- atrophy  fr  om  malnutrition  518, 

519 

- edema,  transient  424,424,450,450 

- hyperplasia,  from  exogenous 
erythropoietin  514, 514 

- in  bone  infarct  528, 529 

- in  degenerative  diskdisease  526, 

527 

- in  bemangfoendothdioma  531,536 

- in  temangitmia  532,533 

- in  radiation  injury  528,529 

- metastatic  disease  in  542, 543 

- necrosis  530,531 

- on  MR)  3 

- red  3 

- reconversion  510,511 
Bone  spur,  subacromial  20, 21 
Bone  tumors 

- classification  of  294 

- frequency  and  oecunence  of  296 

- grading  and  staging  of  299,300 

- imagingevaluation  of  301 

- primary  malignant  297 

- primary  nonmalignant  297 
Brachial  neuritis,  acute  42, 43 
Brachialis  muscle  strain  62,63 
Brachialis  tendinopathy  62, 63 
Brown  tumor 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  394 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  386 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  430 

- as  solitary  intramedullary  lesion 
with  well-cimimsmbed 
margins  414 


B ucke  t handle  te  a r o f meniscus  i n 
knee  182, 183 
Buford  complex  36, 3 7 
Bursitis 

- adventitial  272 ,272-273 

- bidpitoradlal  66,67 

- calcific,  in  rotatorcuff  16, 1 6 

- in  elbow  66 

- olecranon  68,69 

- pesanserinus  228 

- prepatellar  228 ,229 

c 

Caffey  disease,  nonintenupted 
periosteal  reaction  from  338. 364. 
365 

Calcaneal  stress  fracture  290 ,290 
Cakaneofibular  ligament  (CF) 
sprain  256,257 

Calcaneonavicular  ligament  (CNL) 
spring  ligament  complex  262, 
262-263 

Calcific  tendinitis,  eroding  into 
bone  336,336 
Calcific  tendinopathy, 
intraossmis  446 ,447 
Calcium  hydroxyapatite  deposition 
disease  (HADDf  in  rotatorcuff  16, 16 
Calcium  pyrophosphate  dihydrate 
(CPPO)  deposition  disease  578, 579 
Cambium  303 

Camurati-Eogelmann  disease  338, 366, 
367 

Capitellum,  osteochondral  lesions 
of  74,74-75 
Carpal  boss  94*95 
Carpal  coalition  96,97 
Carpal  instability  110,  111 
Cat  scratch  disease  616 ,617 
Cellulitis 

- in  hand  134, 135 

- with  bone  infection  330,331 

CF,  see  Calcaneofibular  Ugament  (CF) 
Charcot  neuroarthropathy  272 ,272 
Chondroblastoma 

- as  Intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  384,385 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  442 ,443 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  426, 427 

- in  foot  498,499 

- in  joints  584,585 
Chondroma,  synovial  568.568 
Chondromatosis,  synovia!  568,568 

- inknee  232,233 
Chondramyxold  fibroma 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  382,383 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  444,444 

- as  sofifary  intramedullary 
metadiaphyseal  lesion  462, 463 
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- in  foot  494,495 

- on  outer  surface  of  bone  318,319 
Chondrosarcoma 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  400, 401 

- as  solitary  intramedullary  diaphyseal 
lesion  486,4 87 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  452,453 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrctw  signal  434, 435 

- as  solitary  intramedullary 
metadiaphyseal  lesion  472, 473 

- in  hand  508,509 

- low-grade  420, 421 

- on  outer  surface  of  bone  342 ,343 

- synovial  588 
Chordoma  402,403 

Chronic  myeloproliferative  disease 
(CMPD)  550, 551 
Chronic  recurrent  multifocal 
osteomyelitis 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  390, 391 

- in  hand  504, 504 

- marrow  signals  in  522 

- on  outer  surface  of  bone  330,331 

- with  thickening  of  bone  cortex  362 
Dear  cell  sarcoma  636,636 

Dips,  surgical  2 

CMPD.  see  Chronic  myeloproliferative 
disease  (CMPD) 

CNL,  see  Calcaneonavicular  ligament 
(CNL)  spring  ligament  complex 
Codman  triangle  307-308,350,351 
Common  extensor  tendinopathy  56,57 
Common  flexor  tendinopathy  58, 59 
Complex  regional  pain  syndromes 
types  1 and  2 528, 528 
Cortical  desmoid  322, 322 
CPPD,  see  Calcium  pyrophosphate 
dihydiate  (CPPD)  deposition  disease 
Craniodiaphyseal  dysplasia  366, 367 
Craniometadiaphyseal  dysplasia  366 
Craniometaphysaal  dysplasia  366 
Cystercercosis  617 
Cystic  angiomatosis  534,535 

D 

DDH,  see  Developmental  dysplasia  of 
hip(DDH) 

de  Qyervaln  syndrome  114, 115 
Dedifferentiated  liposarmma  630, 631 
Degenerative  disk  disease,  marrow 
changes  in  526,527 
DEH,  see  Dysplasia  epiphysealis 
hemimelica  (DEH) 

Deltoid  ligament  sprain  260, 261 
Denervation,  of  muscle  598,599 
Dennatof ibrosaitoma  (DFS)  642,642 
Dennatofibrosarcoma  protuberans 
(DFSP)  642,642 
Dennatomyositis  620, 621 
Desmoid  tumor  604,605 
Desmoplastic  fibroma 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  384, 385 


- as  solitary  intramedullary  lesion 
with  welUdiuirascribed 
margins  418, 418 

Developmental  dysplasia  of  hip 
(DDH)  150, 151 

DFS,  see  Dermatofibrosarooma  (DFS) 
DFSP,  see  Dermatofibrosarcoma 
protuberans  (DFSP) 

Diabetic  foot 

- neuropathic  changes  in  272 ,272 

- osteomyelitis  270,271 

Diabetic  skeletal  muscle  necrosis  598, 
598 

Discoid  meniscus  178,179 
Disorganized  pattern  350, 351 
Dorsal  intercarpal  ligaments  93 
Dysplasia  epiphysealis  hemimelica 
(DEH)  220 ,220 

E 

ECU,  see  Extensor  carpi  ulnaris  (ECU) 
Elastofibroma  614, 615 
Elbow  52 

- arthritis  66,575 

- bursitis  66 

- golfer's  58,59 

- gout  in  620 

- ligaments  52 

- little  leaguer's  76 ,76 

- nerve  abnormalities  of  78 

- osteoarthritis  in  70, 71 

- pitcher’s  58,59 

- rheumatoid  arthritis  in  72,72-73,575 

- tendons  56 

- tennis  56, 57 

- trauma  74 
Enchondioma 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  376, 377 

- as  solitary  intramedullary  diaphyseal 
lesion  478,478 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  440,441 

- as  solitary  intramedullary  lesion 
with  well-drcumscribed 
margins  408, 409 

- as  solitary  intramedullary 
metadiaphyseal  lesion  458, 459 

- inhand  490,491 
Enostosis  414,415,496 
Eosinophilic  granuloma  504 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  392, 393 

- as  solitary  Intramedullary  diaphyseal 
lesion  478,479 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  450,451 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  426,427 

- as  solitary  Intramedullary 
metadiaphyseal  lesion  468, 468 

- eroding  through  bone  cortex  332, 
333 

- in  joints  578,579 

- marrow  signal  in  522 
Epidermoid  614,  615 
Erdheim-Chester  disease  524,524 


Erythropoietin,  exogenous,  bone 
mairow  hyperplasia  from  514,514 
Ewing  sarcoma  508 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  402, 403 

- as  solitary  intramedullary  diaphyseal 
lesion  486,486 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  454,455 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  436, 436 

- as  solitary  intramedullary 
metadiaphyseal  lesion  472, 472 

- extraosseous  640,640 
Extensor  carpi  ulnaris  (ECU) 

tendinopathy  112, 113 
Extensor  tendon  tears  128, 129 
Extraosseous  Ewing  sarroma  640, 640 
Extraosseous  osteosarcoma  638, 639 

F 

FAl  see  Femoroacetabular 
impingement  (EAI) 

Fasciitis 

- nodular  600, 600 

- plantar  266,266-267 

PCD,  see  Fibrous  cortical  defect  (PCD) 
Femoral  neck  fracture  146,147 
Femoral  stress  fracture  146, 147 
Femoroacetabular  impingement 
(FAl)  156, 156-157 
FHL,  see  Flexor  halluds  longus  (FHL) 
tendon 

Fibrolipomatosis  hamartoma  602, 603 
Fibroma  of  tendon  sheath  612, 613 
Fibromatosis  604,605 
Fibrosarcoma 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  402, 403 

- as  solitary  intramedullary  diaphyseal 
lesion  488 

- as  solitary  intramedullaiy  lesion 
located  near  end  of  tubular 
bone  456 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  438 

- as  solitary  intramedullary 
metadiaphyseal  lesion  472 

- soft-tissue  626,626-627 
Fibrous  cortical  defect  (FCD)  320, 321 
Fibrous  dysplasia 

- as  intramedullary  lesion  with 
expansion  of  intact  cortical 
margins  378,379 

- as  solitary  intramedullary  diaphyseal 
lesion  476 

- as  solitary  intramedullary  lesion 
with  well-drcumscribed 
margins  410,410 

- as  solitary  intramedullary 
metadiaphyseal  lesion  464,465 

- in  hand  502, 503 

- polyostotic  540,541 

- with  thickening  of  bone  cortex  358, 
358-359 

Fibroxanthoma  476 

Flexor  annular  pulley  tears  130, 131 


Flexor  halluds  longus  (FHL)  tendon 
abnormalities  246,247 
Flexor  tendon  tear  128-129 
Flexor  tendon  tenosynovitis  114, 115, 
127 

Fluorosis  518 

Focal  fibrocartilaginous  dysplasia  358, 

350 

Foot  238 

- See  also  Ankle 

- aneurysmal  bone  cyst  in  496, 497 

- bone  infarct  in  506,507 

- chondroblastoma  in  498,499 

- chondromyxoid  fibroma  In  494,495 

- diabetic 

- neuropathic  changes  in  272,272 

- osteomyelitis  270,2 71 

- geode  In  498,498 

- giant  cell  tumor  in  500,501 

- gout  in  335, 506, 507, 578 

- ligament  lesions  254 

- lipoma  In  494,495 

- osseous  lesions  of  280 

- osseous  tumors  and  tumor-Uke 
lesions  of  490 

- ossi  cles  266 

- osteoid  osteoma  in  494,495 

- osteomyelitis  in  502, 503 

- pressure  lesion  in  272,272-273 

- soft  tissue  abnormalities  in  266 

- tendon  lesions  238 

- unicameral  bone  cyst  in  496,497 
Foreign  body 

- giant  cell  reaction  to  618 

- in  hand  134, 134-135 
Fracture  474,474 

- See  also  Stress  fracture,  Itauma 

- acetabular  148, 149 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  448,448 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  424, 425 

- Bankart  28, 28-29 

- calcaneal  stress  290,290 

- femoral  neck  146, 147 

- femoral  stress  146, 147 

- hamate  102, 103 

- hand,  stress  136,  137 

- healing  and  healed  360,360-361 

- hip,  subcortical  insuffidency  146, 
147 

- humerai  greater  tuberosity  46, 47 

- intertrochanteric  146 

- ischial  tuberosity,  avulsion  148 

- joint  580, 580-581 

- knee  212,212-215 

- stress 

- fatigue  216,217 

- insuffidency  216,217 

- metatarsal  stress  284,285 

- navicular  288,288-289 

- noninternipted  periosteal  reaction 
horn  336,337 

- olecranon  76, 77 

- pubic  rami  148,149 

- sacral  insuffidency.  bilateral  526, 
526 

- scaphoid  100,101 

- tibia!  diaphysis  stress  474 

- tibial  stress  290 ,291 

- tibial  traumatic  448 
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- triquetral  102, 103 
Freiberg  infraction  284,327 

c 

Gamekeeper's  thumb  124, 124-1 25 
Ganglia,  in  joints  570,5 72 
Ganglion  cyst 

- in  tibia  606. 607 

- in  wrist  98,99 

- on  outer  surface  of  bone  314,315 
Gaucher  disease  386,387,518,519 
Generalized  cortical  tjyperostasis  368, 

369 

Geode 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  444,445 

- as  solitary  intramedullary  lesion 
with  well-circumsaibed 
margins  414,414 

- in  foot  498.498 
Geographic-pattern  lesions  302, 302 
Giant  cell  reaction  to  foreign  body  618 
Giant  cell  reparative  granuloma 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  380,381 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  442,443 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  428, 429 

- as  solitary  intramedullary  lesion 
with  well-circumsaibed 
margins  412, 413 

- as  solitary  intramedullary 
metadiapbyseal  lesion  462,463 

- in  hand  496,497 
Giant  cell  tumor 

- in  foot  500,501 

- intraosseous,  with  joint 
extension  584, 585 

- malignant  404,405 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  456,457 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  436,437 

- as  solitary  intramedullary  lesion 
with  well-circumsaibed 
margins  420 

- of  soft  tissues  640, 641 

- noomalignant  394, 395 

- eroding  through  bone  cortex  328, 
329 

- ofbone 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  380,381 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  442,442 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  428,428 

- as  solitary  intramedullary  lesion 
with  well-circumsaibed 
margins  416,417 

- as  solitary  intramedullary 
metadiaphyseal  lesion  460,461 


- of  tendon  sheath  138,138,328,329, 
570,570, 612, 612-613 

GIAD,  see  Glenoid  labrum  articular 
cartilage  disruption  (GI  AD) 
Glenohumeral  ligament  avulsion, 
humerai  34,35 

Glenoid  impingement,  internal/ 
posterosuperior  24,25 
Glenoid  labrum  articular  cartilage 
disiuption(GIAD)  30,31 
Glomus  body  tumor  500, 500 
Glomus  tumor  328, 329 
Gluteal  tendon  lesions  166,167 
Glycogen  storage  disease 

- type  1A  520 

- type  IB  520 

GM-CSF,see  Granulocytemaauphage 
colony-stimulating  factor  (GM-CSF) 
Golfer's  elbow  58,59 
Gorham-Stout  disease,  in  hip  152, 152 
Gout  578,578,620,620 

- at  outer  surface  ofbone  334, 335 

- inelbow  620 

- in  foot  335,506,507,578 
Granularcell  tumor  600, 601 
GramJocytnTiamjphag£  CDlony- 

sdmulating  factor  (GM-CSF)  514,515 
Granuloma  annularis  618, 619 
Greater  tuberosity  fracture, 
humerai  46,47 

Ground-glass  appearance  303, 304 

H 

HADD,  see  Calcium  hydroxyapatite 
deposition  disease  (HADD) 

HAGL,  see  Humeral  avulsion  of 
glenohumeral  ligament  (HAGL) 

“Hair  on  end”  307,350,351 
Hamate  fracture  102, 103 
Hamstring  tendon  injury  168, 169 
Hand  122 

- See  also  Thumb,  Wrist 

- cellulitis  in  134, 135 

- chondrosarcoma  in  508,509 

- eochondroma  in  490, 491 

- fibrous  dysplasia  in  502,503 

- foreign  body  in  134, 134-135 

- giantcell  reparative  granuloma 
in  496,497 

- hypothenar  hammer  syndrome 
in  140, 140,616,616 

- ligament  injuries  of  122 

- normal  collateral  ligaments  in  122, 
123 

- osseous  tumors  and  tumor-like 
lesions  of  490 

- osteoblastoma  in  494,494-495 

- osteochondroma  in  490, 491 

- osteomyelitis  in  136, 136 

- rheumatoid  arthritis  in  574,621 

- soft-tissue  hemangioma  in  138, 139 

- soft-tissue  lesions  of  138 

- soft-tissue  lipoma  in  138, 139 

- stress  fiactuie  in  136, 137 

- tendon  lesions  of  126 

- tendon  taars  in  128, 128-129 

- tenosynov»‘tis  in  126, 127, 128, 130, 
132 

Hemangioendothelioma 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  404, 465 


- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  456,457 

- marrow  signal  in  511,536 

- on  outer  surface  ofbone  344 ,344 

- soft-tissue  636,637 
Hemangioma  498 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
maigins  384 ,384 

- as  solitary  intramedullary  lesion 
with  well-rircvimsaibed 
maigins  408,409 

- as  solitary  intramedullary 
metadiaphyseal  lesion  462 

- atypical  396,396 

- in  hand  138,  139 

- in  skull  384 

- marrow  signal  in  532,  533 

- soft-tissue  596,596 

- synovial  581, 582 
Hemangiomatosis  596, 597 
Hemangiopericytoma  406, 406. 638, 

638 

Hemarthrosis  580, 580-581 
Hematoma  608, 608-609 
Hemochromatosis,  iron  deposition  and, 
fr  om  multiple  transfusions  514, 

515 

Hemophilic  pseudotumor 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  386 

- as  solitary  intramedullary  lesion 
with  well-circumsaibed 
maigins  416 

- on  outer  surface  ofbone  338 
Hereditary  multiple  diaphyseal 

sclerosis  366 

HeteroOopic  ossification  324, 325, 356, 
610,610 

Hibernoma  594, 594 
Hip  144 

- avascular  neaosis  in  144,  145 

- bone  lesions  of  144 

- cartilage  lesions  in  154, 155 

- developmental  dysplasia  of  150,151 

- Gorham-Stout  disease  in  152,152 

- juxta-articular  lesions  of  166 

- osteoarthritis  in  158, 159 

- rapid  osteolysis  in  152, 152 

- rheumatoid  arthritis  in  160, 160 

- subcortical  insufficiency  fracture 
in  146,  147 

- transient  osteoporosis  in  144, 145, 
424,424 

- transient  toxic  synovitis  of  576, 577 
Hodgkin  lymphoma  546,547 

- See  also  lymphoma 
Hoff  a disease  226,227 
Housemaid's  knee  228,229 
Humerai  avulsion  of  glenohumeral 

ligament  (HAGL)  34,35 
Humerai  greater  tuberosity 
fracture  46,47 

Humerai  head  avascular  necrosis  44, 

45 

Hunter  syndrome  520 
Hurler  syndrome  520 
Hyaluronidase  deficiency  520 
Hydrogen  nuclei,  in  magnetic 
resonance  imaging  2 
Hyperparathyroidism  516,517 


Hypertrophic  osteoarthropathy, 
periosteal  reaction  from  338, 339, 
364,365 

Hypervitaminosis 

- A 518 

- D 518 

- noninterrupted  periosteal  reaction 
from  340,368 

Hypoparathyroidism  518 
Hypothenar  hammer  syndrome  140, 
140,616,616 

Hypovitaminosis  C,  periosteal  reaction 
from  340,370,3 71 

i 

idiopathic  skeletal  muscle 
neaosis  598,598 

Iliotibial  (FT)  hand  syndrome  204,205 
Infantile  cortical  hyperostosis, 
noninterrupted  periosteal  reaction 
from  338,364,365 
Infarct 

- bone 

- as  solitary  intramedullary 
diaphyseal  lesion  474, 475 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  448,449 

- as  solitary  intramedullary  lesion 
with  well-circumscribed 
margin  414,415 

- as  solitary  intramedullary 
metadiapbyseal  lesion  466, 467 

- in  foot  506,507 

- in  knee  218,219 

- marrow  in  528,529 

- periosti  tis  associated  with  acute/ 
subacute  340, 341 

- muscle,  with  fat  replacement  596, 
507 

infection,  see  Cellulitis,  Myositis, 
Osteomyelitis,  Parasitic  infection 
Infectious  synovitis  580, 580 
Inflammatory  synovitis,  intraosseous 
extension  of  446, 447 
Inherited  anemias  512, 512-513 
Insertional  Achilles  tendinosis  240, 241 
Insufficiency  fracture 

- bilateral  saaal  526, 526 

- in  knee  216,217 

- subcorticaUnhip  146, 147 
interdigital  neuroma  274, 275 
Intertrochanteric  fracture  146 
Intra-articular  extension 

- from  leukemia  586 

- from  lymphoma  586,587 

- from  myeloma  586,587 

- fr  om  primary  malignant  bone 
tumor  588, 588 

Intra-articular  lipoma  582,583 
Intramedullary  primary  sarcoma, 
eroding  into  bone  cortex  344. 345 
Intraosseous  caldfic  tendinopathy  446, 
447 

Intraosseous  ganglion  414,415,446,446 
Intraosseous  lipoma 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  444,445 

- as  solitary  intramedullary  lesion 
with  well-circumscribed 
margins  412, 413 
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- as  solitary  intramedullary 
metadiaphyseal  lesion  462, 463 

Intraosseous  osteosansma  372,372 
Iron  deposition,  hemochromatosis  and, 
from  multiple  transfusions  514, 515 
Ischial  tuberosity,  avulsion  fracture 
of  148 

IT,  see  Iliotibial  (IT)  band 

J 

Joints,  see  Ankle.  Elbow,  entries  at 
Intra-articular,  entries  at  Synovial, 
Hip,  Knee,  Shoulder.  Wrist 

- chondroblastoma  in  584,585 

- eosinophilic  granuloma  in  578,579 

- fr  actures  of  580, 580-581 

- ganglia  in  570, 571 

- giant  cell  tumor  in  584, 585 

- hemarthrosisin  580,580-581 

- osteoblastoma  In  584, 585 

- osteochondroma  in  586, 587 

- osteoid  osteoma  in  584, 585 

- tumors  and  tumor-like  lesions 
in  566 

Juvenile  idiopathic  arthritis  576, 576 
Juxtacortfcal  chondroma  316, 317, 356, 
492 

K 

Kienbdck  disease  106, 107 
Knee  176 

- See  also  entries  at  Patellar 

- arthrofibrosis  in  198, 199 

- bone  in  fa  ret  in  218,219 

- bone  lesions  of  212 

- bucket  handle  tear  of  meniscus 
in  182, 183 

- cartilage  defects  in  200, 206 

- cartilage  lesions  of  206 

- discoid  meniscus  in  178, 179 

- extensor  mechanism  lesions  in  222 

- fr  actures  212,212-215 

- stress 

- fatigue  216,217 

- insufficiency  216,217 

- horizontal  and  oblique  tears  of 
meniscus  in  180, 181 

- housemaid's  228,229 

- meniscal  cysts  in  186, 186-187 

- menisd  lesions  in  176 

- meniscocap&ular  separation  in  184, 
185 

- mucoid  degeneration  of  meniscus 
in  180, 180-181 

- normal  meniscus  in  176,177 

- osteoarthritis  in  234 ,234 

- osteochondral  injury  in  208, 209 

- osteochondritis  dissecans  in  210, 
210-211,581 

- radial  tears  of  meniscus  in  184, 185 

- roottearsof  meniscus  in  184,185 

- synovial  chondromatosis  in  232 ,233 

- synovitis  in  230,232 

L 

Labral  tears 

- posterior  32,33 

- posterosuperior  34,34 
Labral  variants  36,37 


Lateral  collateral  ligament  (LCL) 
complex  tears  204,204-205 
Lateral  epicondylitis  56,57 
LCL,  see  Lateral  collateral  ligament  (LCI.) 
LCP,  see  Legg-Calv$-Perthes  (LCP) 
disease 

Legg-Calv£-Perthes  (LCP)  disease  150, 
151 

Leiomyoma  604,604 
Leiomyosarcoma  636, 637 
Leukemia 

- in  bone  348,349 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  396,397 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  452 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  432 

- in  marrow  548, 548-549 

- intra-articular  extension  from  586 

- in  soft  tissue  634,6 34 
Ligamentum  teres  lesions  154, 155 
Lipoblastoma  594, 595 

Lipoma 

- atypical  594, 594 

- in  Soot  494 ,495 

- in  trand  138, 139 

- in  thigh  musde  903 

- intra-articular  582,583 

- intraosseous  462,483 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  444,445 

- as  solitary  intramedullary  lesion 
with  wdl-drcumscribed 
margins  412,413 

- ofnerve  602,603 

- parosteal  322,323,356 

- soft-tissue  592,593 
Lipoma  arborescens  582,583 
Lipomatosis  592,593 
Liposanoma 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  406,407 

- dedifferentiated  630,631 

- myxoid  628,629 

- myxoid-round  cell  630,630 

- pleomorphic  630,631 

- well-differentiated  628,628 
Liposderosing  myxofrbrous 

tumor  410,411,466,467 
Lisfranc  ligament  injury  286,286-287 
Little  Leaguer’s  elbow  76, 76 
Little  Leaguer's  shoulder  44, 44 
Long  head  biceps  tendinosis  40, 40 
Low-grade  Tnyofibroblastic 
sarcoma  626, 627 
Lower  extremities,  see  Ankle.  Foot 
Lunate,  type  n 96,97 
Lunotriquetral  ligament  tear  92, 93 
lymphangioma  598, 599 
(ymphangiomatDsis  534,535 
Lymphoma 

- in  bone  34 8,349 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  398,399 

- as  solitary  intramedullary 
diaphyseal  lesion  484, 485 


- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  452,453 

- as  solitary  Intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  434, 435 

- as  solitary  intramedullary  lesion 
with  well-drcumscribed 
margins  420, 421 

- as  solitary  intramedullary 
metadiaphyseal  lesion  470,471 

- Hodgkin  546,547 

- intra-articular  extension  from  586, 
587 

- lymphoplasmacytic  550,551 

- non-Hodgkin  544,545 

- in  soft-tissue  632,633 
lymphoplasmacytic  lymphoma  550, 

551 

M 

Madelung  deformity  98,98 
Maffucd  syndrome  540,5 40-541 
Magnetic  resonance  angiography  2 
Magnetic  resonance  arthrography  3 
Magnetic  resonance  imaging  (MRI)  2 

- advantages  of  2 

- contraindications  to  2 

- scanner  components  2 
Malignant  fibrous  histiocytoma 

(MFH)  404, 404, 438, 438,  456,  472, 
473,624,625 

Malignant  peripheral  nerve  sheath 
tumor  (MPNST)  634,635 
Malnutrition,  bone  marrow  atrophy 
from  518, 519 

MarotBaux-Lamy  syndrome  368, 520 
Marrow,  see  Bone  marrow 
Mastocytosis  550,551 
MCI,  see  Medial  collateral  ligament 
(MCI) 

Medial  collateral  ligament  (MCL) 
tears  202,203 
Medial  epicondylitis  58, 59 
Melanoma  of  soft  parts  636, 636 
Melorheostosis  324, 324, 358 
Meniscal  cysts  186, 186-187, 570, 571 
Meniscocapsular  separation  184, 185 
Meniscus,  knee 

- bucket  handle  tear  of  182,183 

- discoid  178, 179 

- horizontal  and  oblique  tears  of  180, 
181 

- intrasubstance  tears  in  180, 

180-181 

- mucoid  degeneration  of  180, 
180-181 

- normal  176, 177 

- postoperative  188, 188-189 

- radial  tears  of  184, 185 

- roottearsof  184, 185 
Metachondromatosis  540,540-541 
Metastatic  lesions 

- in  bone  389, 506 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  396, 397 

- as  solitary  intramedullary 
diaphyseal  lesion  482, 483 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  450 


- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  432, 433 

- as  solitary  intramedullary  lesion 
with  well-drcumscribed 
margins  418,419 

- as  solitary  intramedullary 
metadiaphyseal  lesion  468,469 

- in  marrow  542, 543 

- intra-articular  extension  from 
intraosseous  586 

- on  outer  surface  of  bone  346,347 

- In  soft  tissue  632, 632 
Metatarsal  stress  fracture  284, 285 
MFH.  see  Malignant  fibrous 

histiocytoma  (MFH) 

Morel-Lavallte  lesions  172,172 
Morquio  syndrome  520,521 
Morton  neuroma  274,275, 602, 603 
Moth-eaten  radiolucent  lesions  302, 
303 

MPNST.  see  Malignant  peripheral  nerve 
sheath  tumor  (MPNSr) 

MPS,  see  Muoopofysaccharoidoses 
(MPS) 

MRI.  see  Magnetic  resonance  imaging 
(MRI) 

Mucoid  degeneration 

- of  meniscus  In  knee  180, 180-181 

- of  posterior  and  anterior  cruciate 
ligaments  194, 194-195 

Mucopolysaccharoidoses  (MPS)  520, 
521 

Multiple  enchondromatosis  540, 
540-541 

Multiple  myeloma  544, 545 
Muscle  denervation  598, 599 
Muscle  infarct  with  fat 
replacement  596,597 
Muscle  necrosis,  idiopathic  and 
diabetic  598. 598 

Myelodysplastic  syndromes  548,549 
Myeloma  506 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  396, 397 

- as  solitary  intramedullary 
metadiaphyseal  lesion  470 

- Intra-articular  extension  fr  om  586, 
587 

- multiple  544,545 

- on  outer  surface  of  bone  346,347 

- soft-tissue  632,633 
Myofibroblastk  sarcoma,  low- 

grade  626,627 
Myositis  616,616 

- in  bone  infection  330,331 
Myxofibrosarcoma  626,626-627 
Myxoid  liposaraima  628, 629 
Myxoid-round  cell  liposarcoma  630, 

630 

Myxoma  606, 606 

N 

Navicular  fracture  288, 288-289 
Navicular,  accessory  268,268-269 
Negative  periosteal  reaction  305 

- See  also  Periosteal  reaction 
Nerve  sheath  tumor  600, 600-601 

- See  also  Schwannoma 
Neurofibroma  326, 327, 600, 600-601 

- See  also  Schwannoma 
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Neurofibromatosis  type  I (NF1 ) 340, 
341,364 
Neuroma 

- Morton  274,275,602,603 

- traumatic  602, 602 
Neuropathic  bone  and  joint 

disease  526,  527 
NeurothekEoma  600,601 
NF1,  see  Neurofibromatosis  type  I 
(NF1) 

Nodular  fasciitis  600,600 
Nodular  synovitis  570, 570, 612, 
612-613 

NOF,  see  Nonossifying  fibroma  (NOF) 
Non-Hodgkin  lymphoma  544,545 

- See  also  Lymphoma 
Nonioseftional  Achilles  tendinosis  238, 

239 

Nonintenupted  periosteal  reaction,  see 
Periosteal  reaction 
Nonossifying  fibroma  (NOF) 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  374,375 

- as  solitary  intramedullary  lesion 
with  well-circumscribed 
margins  406.409 

- as  solitary  intramedullary 
metadiaphyseal  lesion  458, 459 

- on  outer  surface  of  bone  320,321 

o 

QA,  see  Osteoarthritis  (QA) 

Olecranon  bursitis  68, 69 
Olecranon  fracture  76, 77 
Ollier  disease  540,540-541 
“Onion  skin*  pattern  308, 352, 353 
Osacromia  24,24 
Os  styloideum,  see  Carpal  boss 
Os  trigonum  (posterior  impingement) 
syndrome  268,26 8 
Osgood-Schlatter  disease  222, 223 
Osteitis  condensans  524,525 
Osteoarthritis  (QA) 

- in  elbow  70,71 

- in  hip  158, 159 

- in  knee  234,234 

- in  shoulder  46,47-48 

- in  wrist  116, 117 
Osteoblastoma  354, 355 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  382,383 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  444,444 

- as  solitary  intramedullaiy  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  430, 

431 

- in  hand  494,494-495 

- in  joints  584,585 
Osteochondral  injury,  in  knee  208,209 
Osteochondral  lesion 

- ofcapitellum  74, 74-75 

- oftalardome  282,283 
Osteochondritis  dissecans  580, 581 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  448,449 

- in  femoral  condyle  449 

- in  knee  210,210-211,581 


Osteochondroma 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  374, 375 

- in  hand  490,491 

- in  joints  586, 587 

- on  outer  surface  of  bone  316, 317 

- synovial  566,567 
Osteochondromatosis,  synovial  566, 

567 

- in  shoulder  48,49 
Osteodystrophy,  renal  516,517 
Osteofibrous  dysplasia  356, 357, 386, 

387 

Osteogenesis  imperfecta  520 
Osteoid  osteoma 

- in  foot  494,495 

- in  joints  584,  585 

- manuw  signal  in  430,431 

- periosteal  320, 320 

- with  thidcning  of  bone  cortex  354, 
355 

Osteolysis,  rapid,  in  blp  152, 152 
Osteoma  322, 323, 356 

- osteoid 

- in  foot  494,495 

- in  joints  584,585 

- marrow  signal  in  430,431 

- periosteal  320,320 

- with  thickening  of  bone  cortex  354, 
355 

Osteomyelitis 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  390,391 

- as  solitary  intramedullary  diaphyseal 
lesion  480 ,480-481 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  450,451 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  manuw  signal  426, 427 

- as  solitary  intramedullary 
metadiaphyseal  lesion  468,469 

- chronic  362,363 

- chronic  recurrent  multifocal 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  390, 391 

- in  hand  504,5 04 

- manuw  signals  in  522 

- on  outer  surface  of  bone  330,331 

- with  thickening  of  bone  cortex 
362 

- diabetic  foot  270, 271 

- in  femoral  epiphysis  451 

- in  first  metatarsal  391 

- in  foot  502,503 

- in  hand  136,136 

- manuw  signals  in  522,523 

- on  outer  surface  of  bone  330,331 

- subacute  362,363 
Osteonecrosis,  see  Avascular  necrosis 

(AVN) 

- in  knee  218,219 

- of  talus  284,284 
Osteophytes  312,313 
Osteopoikilosis  542,542 
Osteoporosis 

- inhip,  transient  144, 145,424,424 

- manuw  signals  in  520,521 

- regional  migratory  528 


Osteosarcoma 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  398, 399 

- as  solitary  intramedullary  diaphyseal 
lesion  484,485 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  454*455 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  marrow  signal  434, 435 

- as  solitary  intramedullary 
metadiaphyseal  lesion  470,471 

- extraosseous  638,639 

- in  foot  508,509 

- intraosseous  372,372 

- parosteal  342,343,370,371 

- periosteal  342,343 
Oxalosis,  primary  518,519 

P 

Paget  disease  360,361,538,539 
Paget  sarcoma  406, 407, 438, 439 
Painful  os  peroneum  syndrome 
(POPS)  270,270 

Paralabral  cyst  164. 164, 572, 573 
Parasitic  infection  616,617 
Parosteal  lipoma  322, 323, 356 
Parosteal  osteosarcoma  342,343, 370, 
371 

Parsonage-TUrner  syndrome  42, 43 
Patellar  dislocation,  transient  226, 

226 

Patellar  tendinosis  222,223 
Patellar  tendon  teats  222,223 
PB,  see  Feroneus  brevis  (PB) 

PCL,  see  Posterior  cruciate  ligament 

(pa) 

Pectoralis  tear  18, 18 
Periosteal  osteoid  osteoma  320, 320 
Periosteal  osteosarcoma  342, 343 
Periosteal  reaction 

- from  hypovitaminosis  C 340,370, 
371 

- interrupted,  malignant  tumor 
with  348, 349, 350, 351, 352, 353 

- negative  305 

- nonintenupted 

- from  fracture  336, 337 

- from  hypervitaminosis  340, 368 

- from  infantile  cortical 
hyperostosis  338, 364, 365 

- from  primary  hypertrophic 
osteoarthropathy  364,365 

- from  secondary  hypertrophic 
osteoarthropathy  338, 339, 364 

- from  thyroid  acropachy  338, 368, 
369 

- from  venous  stasis  338,339,364 

- positive  305 
Periosteum  3 

Periostitis,  associated  with  acute/ 
subacute  bane  infarction  340, 

341 

Penneative  radiolucent  lesions  302, 
303 

Peroneus  brevis  (PB)  tendon 
abnormalities  248, 248-249 
Peroneus  longus  (PL)  tendon 
abnormalities  250, 250-251 
Perthes  lesion  28, 29 


Pes  anserinus  bursitis  228 
Physeal  injury,  in  wrist  108, 109 
Physeal  plate  3 

Pigmented  villonodular  synovitis 
(PVNS)  230,230-231,334,335,568, 
569 

PIN,  see  Posterior  interosseous  nerve 
(PIN) 

PP,  see  Proximal  interphalangeal  (PIP) 
joint 

Pilcher’s  elbow  58,  59 
PL,  see  Peroneus  longus  (PI) 

Plantar  fasciitis  266,266-267 
Plasmacytoma  506 

- as  intramedullary  lesion  associated 
with  cortical  destruction  and 
extraosseous  extension  396, 397 

- as  solitary  intramedullary  diaphyseal 
lesion  482,483 

- as  solitary  intramedullary  lesion 
located  near  end  of  tubular 
bone  450,451 

- as  solitary  intramedullary  lesion 
with  poorly  defined  margins  of 
abnormal  manuw  signal  432, 433 

- as  solitary  intramedullary  lesion 
with  well-drcumscribed 
margins  418, 419 

- as  solitary  intramedullary 
metadiaphyseal  lesion  470 

- on  outer  surface  of  bone  346,347 
Pleomorphic  liposarcoma  630, 631 
Plicae  228,229 

Polyostotic  fibrous  dysplasia  540, 

541 

POPS,  see  Painful  os  peroneum 
syndrome  (POPS) 

Positive  periosteal  reaction  305 

- 5ee  also  Periosteal  reaction 
Posterior  cruciate  ligament  (PCL) 

- mucoid  cystic  degeneration  o f 194, 
194-195 

- tears  200 ,200-201 

Posterior  impingement  syndrome  268, 
268 

Posterior  interosseous  nerve  (PIN) 
injury  80,80 

Posterior  labral  tears  32, 33 
Posterior  tibial  tendon  (PTT) 
abnormali  ties  24 4,244-245 
Posterosuperior  labral  tears  34, 34 
Prepatellar  bursitis  228,229 
Pressure  lesion,  in  foot  272, 272-273 
Progressive  diaphyseal  dysplasia  338, 
366,367 

Proximal  humeral  epiphyseal  overuse 
syndrome  44,44 

Proximal  interphalangeal  (PIP)  joint 
ligament  tear  122, 123, 124 
Pseudo- 

pseudohypoparathyroidism  518 
Pseudohypoparathyroidism  518 
Psoriatic  arthritis  576,577 
PIT,  see  Posterior  tibial  tendon  (PTT) 
Pubic  rami  fracture  148, 149 
PVNS,  see  Pigmented  villonodular 
synovitis  (PVNS) 

Pyknodysostosis  368 

Q 

Quadriceps  tendon  tears  224, 225 
Quadrilateral  space  syndrome  42, 42 
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R 

RA,  see  Rheumatoid  arthritis  (RA) 
Radial  collateral  ligament  (RCL) 
complex  tears  54, 54 
Radial  tears  of  meniscus  i n knee  184, 

1 85 

Radiation  injury  52 8,529 
Radiocarpal  ligaments  92. 93 
Radiolunate  ligament  93 
Radiolunotriquetral  ligament  93 
Rapid  osteolysis,  in  hip  152, 152 
RCL,  see  Radial  collateral  ligament  (RC1 J 
Redmarrow  3 

Red  maiTow  reconversion  510, 511 
Reflex  sympathetic  dystrophy 
(RSD)  528,528 

Regional  migratory  osteoporosis  528 
Renalosteodystrophy  516,517 
Rfbbdomyosarurma  636,637 
Rheumatoid  arthritis  (RA)  574, 574- 
575,  620,  627 

- in  elbow  72,72-73,575 

- in  hand  574,621 

- in  hip  160,160 

- in  shoulder  48,49,575 

- in  wrist  118, 119 
Rheumatoid  pannus 

- adjacent  to  and  eroding  bone  332, 
333 

- intraosseous  extension  of  446,447 
Ribbing  disease  366 

Rotator  cuff 

- adhesive  capsulitis  in  16, 17 

- calcific  bursitis  in  16,16 

- caldum  hydroxyapatite  deposition 
disease  in  16, 16 

- lesions  8,8 

- tendinopathy  in  8,9 

- tendon  tears 

- full-thickness  12, 12-73 

- partial-thickness  10, 10-11 

RSD,  see  Reflex  sympathetic  dystrophy 
(RSD) 

s 

Sacral  insufficiency  fractures, 
bilateral  526,526 
Sanfilippo  syndrome  520 
SAPHO  syndrome  330, 362 
Sarcoid  618,  618 

Sarcoidosis  392, 393, 426, 504. 505, 
522,523 

Scaphoid  avascular  necrosis  106, 106 
Scaphoid  fracture  100, 101 
Scapholunate  ligament  tear  90, 91 
SCFE,see  Stripped  capital  femoral 
epicondyle  (SCFE) 

Scheie  syndrome  520 
Schwannoma  326, 327 

- See  also  Nerve  sheath  tumor 
Scleroderma  622, 623 

Scurvy,  periosteal  reaction  from  340, 
370,371 

Seroma  608,608-609 
Sesamoid  abnormalities  276, 277 
SFr,  see  Solitary  fibrous  tumor  (SFr) 
Short  radiolunate  ligament  93 
Shoulder  8 

- See  also  Rotator  cuff 

- arthritis  of  44, 46, 47, 48, 48, 575 

- impingement  20 


- instability  26 

- neural  abnormalities  42 

- osseous  lesions  of  44 
Sickle  cell  disease 

- with  adjacent  extramedullary 
hematopoiesis  394,395, 5 12 

- with  marrow  signal  alteration  5 13 
Sideroblastic  anemia  512 
Sinding-Iarsen-Johansson 

syndrome  224,224 
Sinus  tarsi  syndrome  264,264-265 
SLAP,  see  Superior  labrum  anterior  to 
posterior  (SLAP) 

Sly  syndrome  520 

Soft-tissue  fibrosarcoma  626,62 6-627 
Soft-tissue  giant  cell  tumor, 
malignant  640,641 
Soft-tissue 

hemangioendothelioma  636, 637 
Soft-tissue  hemangioma  596,596 

- in  hand  138, 139 
Soft-tissue  leukemia  634,634 
Soft-tissue  lipoma  592,593 

- in  hand  138, 139 
Soft-tissue  lymphoma  632, 633 
Soft-tissue  malignancies  624 
Soft-tissue  metastatic  disease  632, 632 
Soft-tissue  myeloma  632, 633 
Soft-tissue  sarcoma  eroding  into 

bone  344.345 
Soft-tissue  tumors  592 

- grading  and  staging  of  301 

- benign  300 

- classification  of  295 

- frequency  and  occurrence  of  298 

- grading  and  staging  of  299 

- imaging  evaluation  of  301 

- malignant  299 

Solitary  fibrous  tumor  (SF1)  604, 605 
Sports  hernia  170, 171 
Stress  fracture, see  Fracture 

- as  solitary  intramedullary  diaphyseal 
lesion  474,474 

- as  solitary  intramedullary 
metadiaphyseal  lesion  466, 467 

- calcaneal  290,290 

- femoral  146, 147 

- in  hand  136, 137 

- in  knee 

- fatigue  216,217 

- insufficiency  216,217 

- metatarsal  284,285 

- tibia!  290,291 

Stripped  capital  femoral  epicondyle 
(SCFE)  150 

Subacromial  bone  spur  20, 21 
Subchondral  degenerative  cyst  444. 445 
Subcortical  insufficiency  fracture,  in 
hip  146, 147 

Sublabral  foramen/hole  36, 37 
Sublabral  sulcus/recess  36, 37 
Subperiosteal  hematoma  336, 337 
Subscapularistears  14, 14-15 
Sudek  atrophy  528,528 
Sunburst  or  divergent  pattern  348, 349 
Sunburst-type  zones  307 
Superior  labnim  anterior  to  posterior 
(SLAP)  lesions  36 

Superior  labrum  anterior  to  posterior 
(SLAP)  tear  38, 39 

Suprascapular  nerve  entrapment  42 
Syndesmotic  ligament  injury  258, 258- 
259 


Syndromes  of  hyperostosis,  osteitis, 
and  skin  lesions  330,362 
Synovial  cell  sarcoma  634, 635 
Synovial  chondromatosis  568.568 

- in  knee  232,233 
Synovial  chondrosarcoma  588 
Synovial  cyst  314, 31 5 

- inwrist  98 

Synovial  hemangioma  58 1, 582 
Synovial  osteochondroma  566, 567 
Synovitis 

- in  knee  230,232 

- infectious  580,580 

- inflammatory,  intraosseous 
extension  of  446,447 

- nodular  570, 570, 612, 612-613 

- pigmented  villonodular  230,230- 
231,334,335. 568,569 

- transient  toxic,  of  hip  576,577 
Systemic  sclerosis  622, 623 

T 

TA,  seellbialis  anterior  (TA) 

Talar  avascular  necrosis  284, 284 
Talar  dome,  osteodiondral  lesion 
of  282,283 

Tarsal  coali  tion  280,281 
Tendon  sheath 

- fibroma  of  612, 613 

- giant  cell  tumor  of  138, 138, 328, 
329,570,570,612,  612-613 

Tennis  elbow  56, 57 
Tenosynovitis 

- flexor  tendon  114,115,127 

- in  hand  126, 127, 128, 130, 132 
TFCC,  see  Triangular  fibrocartilage 

complex  (TFCC) 

Thalassemia  512,513 
Ihumb 

- gamekeeper’s  124, 124-125 

- ulnar  collateral  ligament  tears 
of  124,124-125 

Ihyroid  acropachy,  noninlerrupted 
periosteal  reaction  from  338, 368, 
369 

Tibia!  fracture  446 

- stress  290,291 
Tibialis  anterior  (TA)  tendon 

abnormalities  252,252 
Tophi  578, 578 

Toxic  synovitis,  transient,  of  hip  576, 
577 

Transfusions,  multiple,  iron  deposition 
and  hemochromatosis  from  514, 
515 

ITansientosteoporosis,  in  hip  144, 145 
Transient  toxic  synovitis  of  hip  576, 
577 

If  auma,  see  Foreign  body,  Fracture 

- ankle  280 

- elbow  74 

- foot  280 

Traumatic  neuroma  602,602 
Trevor  disease  220,220 
lriangular  fibrocaftiiage  complex  (TOC) 

- normal  84,85 

- perforation  of  disk  86,87 

- thinning  and  degeneration  of 
disk  84.85 

- ulnar-sided  tears  88, 89 
lriangular  fibrocaitilage  complex 

tears  84 


lliceps  tendon  tear  64, 64 
Triquetral  fracture  102 ,103 
Ibmoi(s),  see  Metastatic  lesions 

- bone 

- primary  malignant  297 

- primary  nonmalignant  297 

- classification  systems  294, 294, 295, 
301 

- frequency  and  occurrence  of  296 

- soft-tissue  592 

- benign  300 

- malignant  299 
Trimoral  calcinosis  610, 611 
TUrftoe  278,278 

u 

UBC,  see  Unicameral  bone  cyst  (UBC) 
UGL,  see  Ulnar  collateral  ligament  (UCL) 
tsars 

Ulnar  sollateral  ligament  (UG.) 
tsars  52,53 

- ofthumb  124, 124-125 
Ulnar  neuropathy  78,  78-79 
Ulnolunate  impaction  98,99 
Unicameral  bone  cyst  (UBC) 

- as  intramedullary  lesion  associated 
with  expansion  of  intact  cortical 
margins  378,379 

- as  solitary  intramedullary  lesion 
with  well-circumscribed 
margins  412,412 

- as  solitary  intramedullary 
metadiaphyseal  lesion  460,460 

- in  foot  496,497 

Upper  extremities,  sse  Elbow,  Hand, 
Wrist 

v 

van  Buchem  syndrome  368, 369 
\fenous  stasis,  nonintemipted 
periosteal  reaction  from  338, 339, 
364 

Vertebral  marrow,  age-related  signal 
changes  in  516,516 
Volar  extrinsic  wrist  ligament  tear  92, 
93 

Volar  plate  injuries  132, 132 

w 

WaldenSTT&m  macroglobulinemia  550, 
551 

Well-differentiated  liposarcoma  628, 
628 

Wrist  84 

- See  also  Hand 

- arthritis  in  116 

- bone  lesions  of  100 

- eomplete  tendon  tears  in  112, 113 

- congenital  and  acquired  Isiom  of  94 

- extrinsic  and  intrinsic  ligaments 
of  90 

- incomplete  fractures  of  104, 105 

- normal  cartilage  in  116, 117 

- partial  tendon  tears  in  112, 113 

- tendon  lesions  of  112 

x 

Xanthoma  612,613 


657 


